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Comment 


by  Leonard  Sullivan  Jr. 

Director 

Defense  Program  Analysis  & Evaluation* 


Tfie  principal  responsibility  of 
Defense  Department  managers 
is  to  provide  the  necessary 
military  strength  to  support  the 
President’s  strategy  for  peace — 
strength,  partnership  and  a will- 
ingness to  negotiate.  The  chal- 
lenge to  the  Defense  Department 
is  to  provide  this  strength  in  an 
era  of  rising  prices,  shrinking 
budgets  and  changing  priorities. 

A recently  completed  assess- 
ment of  ongoing  defense  system 
development  programs  showed, 
in  almost  every  area  investi- 
gated, that  the  estimated  cost  of 


* Mr,  Sullivan  was  Principal  Deputy, 
Office  of  the  Director  of  Defense  Re- 
search and  Engineering,  until  he  as- 
sumed his  new  duties  May  21. 


the  new  systems,  assuming  the 
projected  DOD  budget,  would 
substantially  exceed  our  ability 
to  buy  them  in  the  needed  quan- 
tities. The  basic  cause  of  this 
dilemma  is  the  tremendous  rate 
at  which  the  cost  of  individual 
systems  is  rising. 

One  underlying  cause  of  ris- 
ing unit  costs  has  been  our 
desire  to  provide  systems  to  our 
forces  which,  on  an  individual 
basis,  were  the  very  best  that 
technology  could  provide.  In  the 
process,  we  assumed  funds 
would  be  available  as  needed  to 
procure  the  requisite  numbers 
of  these  systems.  This  assump- 
tion ignored  economic  realities. 
While  costs  have  risen,  the  DOD 
budget  has  remained  relatively 


fixed  in  overall  purchasing 
power;  and  there  is  little  pros- 
pect the  Congress  will  appro- 
priate larger  DOD  budgets. 

Furthermore,  concern  for  im- 
proving the  quality  of  life  for 
the  men  and  women  of  the  Mili- 
tary Services  has  generated  new 
demands  which  must  be  fulfilled 
from  limited  resources.  When  all 
demands  on  the  DOD  budget,  as 
well  as  the  Federal  budget,  are 
considered,  the  conclusion  is  in- 
escapable. The  future  available 
resources  for  investment  in 
developing  and  procuring  new 
systems  will  be  comparable  to 
those  now  budgeted.  We  can  no 
longer  afford  to  develop  every 
individual  system  for  maximum 
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performance;  rather,  we  must 
balance  performance,  numbers 
and  cost  to  achieve  the  greatest 
total  military  capability  from 
our  available  resources.  We  must 
learn  to  consider  total  force 
effectiveness  rather  than  each 
individual  weapon’s  cost  effec- 
tiveness. We  must  recognize  a 
broad  variety  of  possible  utiliza- 
tions for  these  forces — not  just 
the  single  “worst  possible  case,” 
i.e.,  a one-on-one  encounter  with 
the  maximum  capability  threat. 

Assuring  affordability  of  new 
systems  has  become  a major 
DOD  objective  and  is  the  driv- 
ing force  behind  the  design  to 
a cost  concept  of  development. 
By  deciding  approximately  how 
much  we  can  afford  to  spend  on 
a particular  mission  area  and  its 
systems  and  then  designing  to 
that  target  cost,  we  hope  to  con- 
trol our  acquisition  and  owner- 
ship costs,  thus  assuring  that  the 
most  capability  is  derived  from 
our  resources. 

We  have  initiated  a number 
of  specific  design  to  a cost  devel- 
opment programs  from  which 
we  are  learning  how  to  structure 
and  manage  such  developments. 
We  are  designing  major  systems 
such  as  the  Air  Force’s  A-10 
close  air  support  aircraft,  the 
Navy’s  patrol  frigate  and  the 
Army’s  advanced  armed  heli- 
copter to  strict  unit  production 
cost  targets.  We  are  also  design- 
ing subsystems  such  as  the  low 
cost  electronic  warfare  suite  for 
the  Navy,  a new  tactical  air 
navigation  system  (TACAN) 
for  the  Air  Force  and  a new 
radar  altimeter  for  the  Army 
to  firm  unit  production  cost 
targets. 

In  all  development  programs, 
we  are  emphasizing  field  reli- 
ability and  performance,  but  not 
to  the  exclusion  of  unit  produc- 


tion cost.  DOD  developing  agen- 
cies and  the  defense  industry 
must  understand  and  accept  the 
fact  that  we  want  the  most  reli- 
able and  capable  systems  possi- 
ble at  the  established  cost.  We 
do  not  want  “cheap”  systems 
whose  value  may  be  inadequate. 
When  we  established  the  target 
costs  for  the  previously  men- 
tioned design  to  a cost  systems, 
we  believe  we  studied  the 
problems  sufficiently  to  ensure 
our  real  minimum  performance 
needs  could  be  met  within  the 
cost  if  careful  design  and  good 
management  were  applied.  In 
some  cases,  as  the  developments 
progressed,  we  had  to  revise  our 
initial  cost  targets.  Such  changes 
are  to  be  expected  as  we  learn 
how  to  apply  the  design  to  a 
cost  technique. 

To  ensure  this  technique  re- 
ceived adequate  attention,  it  has 
been  made  a part  of  the  DOD 
decision-making  process  includ- 
ing reviews  by  the  Defense  Sys- 
tems Acquisition  Review  Council 
(DSARC).  For  example,  when 
the  Army  recently  proposed  its 
plan  for  the  development  of  the 
new  armed  helicopter  to  the 
DSARC,  the  estimated  cost  of 
the  system  was  over  $2  million 
for  each  aircraft.  Members  of 
the  DSARC  recognized  the  need 
for  an  armed  helicopter,  but  be- 
lieved one  with  all  the  essential 
capabilities  could  be  produced 
for  substantially  less.  Therefore, 
a lower  cost  ceiling  was  estab- 
lished and  the  Army  made  the 
necessary  changes.  The  program 
is  now  proceeding  with  a cost 
target  in  the  range  of  $1.5 
million. 

In  a similar  manner,  either 
the  DSARC  or  the  Military  Serv- 
ices recently  established  unit 
cost  thresholds  for  the  Army’s 
main  battle  tank,  the  Navy’s 


patrol  frigate  and  the  Air 
Force’s  medium  STOL  transport 
aircraft. 

There  is  no  intention  under 
the  design  to  a cost  concept  to 
bargain  away  the  necessary 
edge  in  combat  performance ; 
there  is,  however,  an  implication 
that  some  of  our  systems  may 
contain  characteristics  which 
cater  more  to  luxury  than  essen- 
tiality. Identification  and  elimi- 
nation of  these  extras  is  one 
goal  of  this  new  approach. 

While  we  are  still  learning 
how  to  effectively  manage  design 
to  a cost  developments,  we  are 
no  longer  questioning  the  poten- 
tial of  the  concept  for  helping 
to  control  the  cost  of  acquiring 
new  defense  systems.  Its  poten- 
tial has  been  adequately  demon- 
strated in  our  ongoing  develop- 
ments and  the  need  to  extend 
its  implementation  is  clear. 

The  design  to  a cost  technique 
is  not  unlike  that  used  by  com- 
mercial firms  to  remain  com- 
petitive in  the  marketplace.  One 
of  its  most  valuable  contribu- 
tions is  to  make  defense  design 
and  development  engineers  ac- 
cept cost  as  a basic  decision 
parameter  down  to  the  individ- 
ual component  level.  Another 
important  contribution  is  that 
the  design  to  a cost  concept 
strongly  suggests  DOD  program 
managers  and  contractors  should 
be  given  greater  flexibilty  to 
trade  off  design  features  in- 
dependently. This  represents  an 
important  step  in  returning  the 
authority  for  creativity  to  those 
best  able  to  exercise  it. 

In  essence,  we  now  have  suffi- 
cient confidence  in  this  new 
methodology  to  put  many  more 
new  and  ongoing  systems  and 
subsystems  on  a design  to  a 
cost  basis. 
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Acquisition  Objective  Changes 
from  One  of  Sophistication  to 
Reliability  at  Lower  Cost 


important  change  is  taking  place  in  the 
acquisition  process  of  defense  weapon  systems. 
This  change  has  been  brought  about  by  the 
recognition  of  a serious  dilemma  that  faces  us 
involving  a conflict  between  the  rising  produc- 
tion and  ownership  costs  of  the  sophisticated 
systems  we  need  to  defend  the  Nation  and  the 
budget  realities  that  tell  us  we  cannot  alford 
the  quantities  of  equipment  we  must  have  to 
maintain  the  already  low  force  structure  at  a 
sufficient  level. 

It  has  been  frequently  demonstrated  that 
demands  for  increased  performance  have  led 
to  equipment  sophistication  and,  therefore,  in- 
creased costs.  While  it  is  true  that  some  reduc- 
tion in  equipment  quantity  can  be  offset  by 
increased  equipment  capability,  the  time  is 
rapidly  approaching  when  this  trade-off  is  no 
longer  going  to  be  a viable  option.  Put  simply, 
a better  way  must  be  found  to  provide  our 
forces  with  the  needed  quantity  of  useful  equip- 
ment within  budgetary  constraints. 

Our  present  problems  originate  in  the  re- 
quirements process.  Uncertain  of  exact  needs, 
we  frequently  err  on  the  safe  side,  i.e.,  ask  for 
maximum  potential  performance.  Industry  con- 
tributes to  the  problem  with  proposal  promises. 


Jacques  S.  Gansler 
Assistant  Director  (Electronics) 
ODDR&E 


By  the  time  production  price  or  ownership 
costs  become  a firm  consideration,  the  develop- 
ment is  so  far  along  it  cannot  be  readily 
changed.  The  net  result  is  that  we  ultimately 
get  exactly  what  we  have  specified:  systems 
which  satisfy  our  performance  needs.  The 
difficulty  is  their  price  often  exceeds  our  ability 
to  buy  them  in  the  quantities  required. 

Three>Pronged  Attack 

To  solve  the  DOD  cost  and  reliability  prob- 
lems, we  are  adopting  a different  acquisition 
strategy  and  are  changing  our  approach  to  the 
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defense  system  specification,  selection,  develop- 
ment and  maintenance  processes.  Shifting  from 
an  almost  exclusive  emphasis  on  achieving  the 
highest  possible  state-of-the-art  performance 
in  every  aspect  of  every  system,  future  empha- 
sis will  be  placed  on  obtaining  the  best  possible 
overall  defense  posture  for  the  budget  dollars 
available.  This  means  that,  during  all  phases 
of  equipment  development,  we  will  place  as 
much  stress  on  projected  unit  production  costs 
and  field  reliability  as  we  place  on  system 
performance. 

To  achieve  these  goals,  emphasis  is  now 
being  placed  on  three  approaches  to  the  solution 
of  the  problem: 

• Design  to  a price.  This  concept  is  not  new 
to  the  commercial  world  where  equipment  is 
designed  to  sell  at  a price  which  market  analy- 
sis shows  the  customer  will  be  willing  to  pay. 
Similarly,  in  the  defense  area,  design  to  a 
price  means  that  DOD  will  establish  a unit 
production  price  that  the  defense  budget  allows 
and  that  reflects  the  military  value  of  the 
equipment.  Attainment  of  that  price  will  be 
made  a criterion  and  a condition  for  procure- 
ment. Design  within  the  target  price  will  allow 
procurement  of  production  hardware  in  the 
quantities  that  will  fulfill  military  needs.  If  a 
system  does  not  satisfy  certain  minimum 
acceptable  performance  specifications,  DOD 
will  not  buy  it.  The  goal  of  the  design  to  a 
price  concept  is  not  “cheap”  equipment,  but 
rather  quality  equipment  which  will  satisfy 
military  needs  at  a price  allowed  by  budget 
constraints.  Competitive  development  and  pro- 
totyping will  be  stressed,  with  a “fly-off”  to 
select  the  best  equipment  for  the  desired  price. 

• Standardization.  Greater  application  of 
standardization  will  be  applied  in  the  design 
and  development  phase  of  a defense  system. 
We  will  attempt  to  standardize  on  selected  sub- 
systems for  multi-service  and  multi-vehicular 
applications  to  assure  maximum  benefit  from 
the  quantity-based  “learning  curves”  for  cost 
and  reliability.  The  primary  impediments  to 
standardization  in  DOD  are  institutional  ones 
and  we  intend  to  work  at  changing  them. 
Standardization  is  a major  step  in  our  cost- 
reliability  “attack.” 

• Holding  the  Supplier  More  Responsible  for 
the  Field  Reliability  of  His  Equipment.  In  this 
area  perhaps  some  type  of  warranty  is  the  best 


r- 

Within  the  past  20  years  the  cost  of 
defense  weapon  systems  and  manpower 
has  been  rising  at  more  than  five  times  the 
rate  of  inflation.  The  extra  money  to  pay 
for  these  rising  costs  is  unavailable  be- 
cause at  the  same  time  all  the  growth  in 
the  Gross  National  Product  (GNP)  within 
this  same  period  has  gone  into  the  non- 
defense sector. 

The  need  for  national  security  forces 
continues  to  grow  with  the  increasing  size 
and  sophistication  of  the  arms  of  potential 
adversaries.  The  reduction  of  the  defense 
procurement  dollars  raises  the  question, 
how  do  we  get  more  for  less?  The  answer 
is  not  simple,  but  we  must  make  a strong 
effort  to  reach  some  kind  of  a solution 
before  we’re  out  of  business. 

We  can  and  must  draw  more  heavily  on 
commercial  experience  and  move  in  its  di- 
rection in  design  objectives,  technical  re- 
quirements, management  perspectives, 
engineering  design,  data  and  field  support. 
The  Defense  Department,  to  continue  to 
acquire  weapons  systems,  must  design  to  a 
cost,  utilize  greater  standardization  and 
require  greater  supplier  responsibility  for 
field  reliability. 

V 

approach  to  obtain  field  reliability  of  equip- 
ment, particularly  in  the  subsystems  area.  It 
might  be  in  the  form  of  a supplier’s  repair 
warranty,  as  in  commercial  avionics,  or  it 
might  be  in  the  form  of  a field  reliability  war- 
ranty which,  if  not  achieved,  would  require  the 
supplier  to  redesign  and  retrofit.  Field  reli- 
ability will  be  measured  under  a condition  in 
which  all  failures  will  count,  regardless  of 
cause  (design  induced,  wear-in,  random,  wear- 
out,  etc.)  and  under  which  time  is  actual  equip- 
ment operating  time  as  measured  by  built-in 
elapsed  time  indicators. 

Right  Direction 

It  should  be  clear  these  proposed  solutions  to 
cost  and  reliability  problems  are  taking  DOD 
further  in  the  direction  of  commercial  prac- 
tices. We  must  not,  however,  lose  sight  of  the 
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DOD  must  establish  a price  per  item 
copy  that  is  compatible  with  both  the 
minimum  required  military  performance 
and  with  what  we  can  afford  to  pay  for  the 
quality  number  of  products  we  need.  Prod- 
ucts that  are  just  inexpensive  are  not  ac- 
ceptable. Military  needs  must  be  met  or 
we  will  not  buy  the  equipment.  To  accom- 
plish this,  we  are  willing  to  pay  more  in 
time  and  dollars  in  the  R&D  phase  to  as- 
sure achieving  the  desired  unit  production 
price  and  support  costs.  Hopefully,  we 
will  also  be  writing  functional  specifica- 
tions rather  than  detailed  design  specifi- 
cations and  perhaps,  in  this  way,  provide 
the  designees  with  sufficient  flexibility  to 
develop  solutions  leading  to  low-cost  and 
high-yield  reliability  systems. 

Through  the  current  emphasis  on  the 
design  to  a cost  concept,  we  hope  to 
achieve  this  goal.  Design  to  a cost  is  not 
a return  to  total  package  procurement. 
The  new  policies  emphasize  incremental 
acquisition  and  early  flexibility  in  design 
specifications.  The  design  to  a cost  prac- 
tice is  spreading  and  working  as  the  cost 
incentive  stimulates  industry  engineers 
with  additional  challenges. 


Determining  the  right  price  will  take 
work,  but  the  inclusion  and  utilization  of 
standard  parts  will  result  in  high-vol- 
ume production  and  lower  cost  and  higher 
reliability,  while  greatly  reducing  the  lo- 
gistics and  training  costs.  Standardization 
implementation  will  be  difficult,  but  the 
potential  rewards  are  great. 

Specifications  must  be  written  to  en- 
courage standardization  and  the  designer 
must  be  allowed  flexibility  if  standardiza- 
tion and  design  to  a cost  are  to  work.  In 
essence,  then,  we  must  change  the  objec- 
tives of  the  R&D  community  from  the 
overriding  emphasis  on  improving  the 
state  of  the  art  in  performance,  to  an  em- 
phasis on  quality  equipment  having  an 
acceptable  performance  for  an  affordable 
cost. 

The  key  to  implementing  these  new  con- 
cepts lies  in  Government  and  industry 
management.  We  must  demand  more  disci- 
pline on  both  sides  in  controlling  costs 
and  that  ever  present  human  frailty  of 
trying  to  acquire  those  last  few  percent- 
age points  of  performance.  Cooperative 
management  demands  the  best  efforts  of 
all  of  us. — Dr.  John  S.  Foster  Jr.,  Direc- 
tor, Defense  Research  and  Engineering. 


necessity  to  satisfy  military  performance  needs 
in  the  military  environments.  Thus  the  transi- 
tion is  not  one  from  total  military  performance- 
oriented  thinking  to  total  commercial  price- 
oriented  thinking.  Rather,  it  is  a change  from 
performance  only  to  the  addition  of  cost  and 
reliability  as  major  design  criteria,  with  the 
belief  that  low  production  cost  and  high  field 
reliability  are  truly  designed  into  military 
equipment  and  not  achieved  afterward. 

Also,  in  stressing  the  new  approaches,  the 
Defense  Department  is  not  abandoning  high 
technology.  We  will  continue  to  advance  the 
state  of  the  art,  but  we  will  only  apply  new 
technology  when  it  is  firmly  required  and  its 
feasibility  has  been  satisfactorily  demonstrated. 
In  those  cases,  DOD  will  pay  for  the  extreme 
performance,  but  only  for  small  quantities  of 
systems.  Thus  we  will  have  a mix  of  a few 


high  technology,  high  cost  systems  and  larger 
quantities  of  reduced  performance  systems — 
the  so-called  “hi-low”  mix. 

Total  Cost  of  Ownership 

Price  limited  development  is  a step  by  step 
process.  First,  feasibility  studies  are  conducted 
to  show  practicality  of  the  price/performance 
range  under  consideration.  Second,  cost-plus 
development  contracts  are  awarded  to  develop 
prototype  hardware  which  meets  the  produc- 
tion price  goal.  Third,  the  prototypes  undergo 
operational  test  and  evaluation  to  demonstrate 
their  military  performance,  reliability  and 
maintainability.  Finally,  the  designs  are 
ready  for  selection  and  release  to  production. 
Competition  among  the  suppliers  is  the  mecha- 
nism which  provides  DOD  with  the  most  per- 
formance that  can  be  delivered  at  the  specified 
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unit  production  price. 

To  ensure  suppliers  understand  the  relative 
value  which  DOD  places  on  each  of  the  func- 
tional and  performance  parameters,  relative 
importance  “weights”  for  each  must  be  pro- 
vided. These  same  weighting  factors  would 
subsequently  be  used  in  the  equipment  test  and 
evaluation  and  in  the  contractor  selection 
criteria. 

Total  investment  costs  will  be  further  mini- 
mized by  designs  that  reduce  the  required 
documentation  data,  special  test  equipment, 
required  installation  costs,  required  training, 
etc.  Life  cycle  costs,  in  turn,  can  be  signifi- 
cantly reduced  by  achieving  higher  field 
reliability.  This  can  be  attained,  in  part,  by 
considering  the  achievement  of  field  reliability 
and  maintainability  goals  to  be  as  important 
as  the  achievement  of  high  performance.  Low 
cost  and  high  reliability  can  go  together.  A 
clever,  simple  design  may  be  harder  to  arrive 
at,  but  it  will  achieve  the  desired  objectives, 
and  often  without  a significant  penalty  in 
performance.  It  is  more  of  a challenge  for  the 
engineer,  but  it  is  worth  the  effort  if  it  is 
successful. 

The  goal  of  the  price  limited  development  is, 
therefore,  to  ensure  DOD  obtains  quality  equip- 
ment which  will  perform  the  necessary  military 
mission  and  which  DOD  can  afford  to  acquire 
and  own  in  the  quantities  necessary.  The  pro- 
posed approaches  previously  described  should 
reduce  unnecessary  and  unproductive  specifica- 
tions and  overhead  burdens  which  increase 
production  price  without  increasing  the  equip- 
ment’s utility  or  functional  value.  By  establish- 
ing a unit  production  price  before  development, 
DOD  will  have  a better  opportunity  to  control 
the  cost  to  acquire.  Through  emphasis  on  reli- 
ability, ease  of  repair,  extensive  testing,  war- 
ranty and  maintenance  options,  maintenance 
costs  should  be  reduced.  Collectively,  these  con- 
trols should  reduce  the  total  life  cycle  cost  of 
the  equipment. 

Achieving  Change  Not  Easy 

We  recognize  bringing  about  the  needed 
changes  in  DOD  procurement  will  not  be  easy. 
We  must  change  our  way  of  thinking  and 
create  new  incentives  for  DOD  program  man- 
agers and  industry ; we  must  change  our 
procedures  and,  if  necessary,  modify  our  insti- 


tutional structures.  In  bringing  about  these 
changes,  we  will  draw  upon  the  experiences  of 
industry  where  technological  advances  have 
resulted  in  both  improved  performance  and 
drastically  reduced  prices. 

To  institute  these  changes  will  require  con- 
vincing people  that  we  have  a problem  and 
motivating  them  to  solve  it.  Cost  consciousness 
must  become  a way  of  life  and  must  affect  all 
phases  of  system  specification,  design,  fabrica- 
tion and  maintenance.  This  must  happen  at  all 
levels  in  DOD  and  industry. 

We  must  develop  and  test  procedures  for 
implementing  these  changes.  Changes  will  not 
be  made  solely  for  the  sake  of  changing.  We 
will  develop  and  test  the  changes  themselves 
to  make  sure  they  are  proper  and  will  achieve 
our  objectives.  A series  of  studies  has  been 
started  by  the  Office  of  the  Secretary  of  Defense 
and  the  Military  Services  to  examine  these 
areas.  In  addition,  each  of  the  Military  Services 
has  a number  of  experiments  under  way  which 
will  develop  new  hardware  that  is  required  in 
large  quantities  but  for  which  the  current  prod- 
ucts are  either  too  expensive  or  too  unreliable, 
or  both.  The  purpose  of  these  experiments  is 
to  achieve  performance  similar  to  what  we  can 
achieve  today,  but  at  significantly  lower  cost 
and  higher  reliability. 

The  most  difficult  part  of  our  task  will  be  to 
institutionalize  the  desired  procedures  after 
we  have  tested  them.  It  is  always  easier  to  do 
something  on  a single  case  basis  than  it  is  to 
make  it  happen  automatically  for  all  future 
systems. 

Broad  Scope  Action 

Our  approach  to  the  solution  of  the  DOD 
cost  versus  quantity  dilemma  must  be  broad. 
It  must  examine  and,  if  necessary,  change  many 
aspects  of  the  development  and  acquisition 
process.  We  must  start  with  the  requirements 
process  and  be  willing  to  trade  performance 
and  costs.  Our  specifications  may  indicate 
desired  performance,  but  they  must  require 
only  the  minimum  acceptable  performance,  and 
they  must  make  production  and  ownership 
costs  key  design  criteria.  We  will  have  to 
modify  our  contractual  requirements  to  reduce 
unnecessary  paperwork,  reports  and  other 

(please  turn  to  page  61,  col.  1) 
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Design  to  a Cost: 
Concept  and  Application 


JJ  istorically,  DOD  development  managers 
have  been  charged  with  the  responsibility  for 
creating  defense  systems  to  meet  operational 
performance  and  schedule  requirements.  Costs, 
apart  from  the  availability  of  funds  to  support 
the  developments,  were  frequently  not  the  pri- 
mary consideration. 

In  contrast,  development  managers  in  com- 
mercial industry  are  usually  well  informed  of 
the  cost  targets  for  their  new  products  which 
are  developed  from  the  outset  to  sell  at  an 
attractive  price  for  performance  conscious 
buyers  in  a competitive  market. 

The  advent  of  rapidly  rising  costs  of  develop- 
ing and  supporting  defense  systems  has  led  to 
the  adoption  and  application  of  the  design  to 
a cost  technique  to  systems  developments 
undertaken  by  DOD.  The  scope  of  the  design 
to  a cost  approach  includes  the  requirements 
and  development  processes,  production,  testing 
and  early  operation. 

There  is  a fundamental  impact  on  the  DOD 
requirements  process  in  which  price  and  quan- 
tity relationships  are  to  be  derived  and  con- 
sidered as  primary  design  parameters  in  the 
formulation  of  goals  for  new  systems.  That  is 
to  say  the  cost  impact  of  weapon  systems  per- 
formance features  should  be  visible  during  an 


iterative  process  in  which  the  minimum  per- 
formance needs  and  the  affordable  unit  produc- 
tion cost  are  firmed  up  and  determined  to  be 
compatible. 

Cost  and  quantity  goals  must  be  approved 
by  the  responsible  manager  prior  to  initiation 
of  advanced  development.  This,  in  effect,  estab- 
lishes a target  cost  or  cost  bands  which  will  be 
primary  parameters  (equal  to  performance)  in 
the  development  and  acquisition  phases. 

During  the  development  process,  flexibility 
must  be  maintained  to  allow  cost  and  perform- 
ance trade-offs  with  the  objective  of  acquiring 
the  best  performing  system  within  cost  and 
minimum  performance  bounds. 

Application  of  the  design  to  a cost  technique 
to  DOD  development  programs  has  empha- 
sized these  significant  changes  from  methods 
followed  in  the  past: 

• Use  of  end  item  performance  goals  and 
minimum  acceptable  form,  fit  and  function 
specifications  in  lieu  of  firm  technical  specifica- 
tions for  systems,  subsystems  and  components. 

• Contracting  procedures  and  methods  which 
give  development  managers  maximum  trade-off 
flexibility  among  performance,  schedule,  reli- 
ability and  maintainability. 


by  Cdr.  Floyd  H.  Hollister,  USN  and  Russell  R.  Shorey 

Office  of  the  Assistant  Director  (Electronics) 
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• Maintenance  of  competition  to  the  extent 
possible  in  all  stages  of  development  up  to  and 
including  production. 

• Emphasis  on  unit  production  cost  and 
other  life  cycle  cost  components,  with  cost 
visibility,  during  the  development  phase. 

• Incentives  for  exceeding  goals  and  penal- 
ties for  failing  to  meet  minimum  acceptable 
specifications. 

• Verification  of  performance,  reliability, 
maintainability  and  unit  price  prior  to  a major 
production  commitment.  Emphasis  on  test  and 
evaluation  (as  opposed  to  paper  studies)  as  the 
means  of  verification. 

Reliability  and  Maintainability 

In  design  to  a cost  development,  reliability 
and  maintainability  are  especially  important 
considerations.  There  is  concern  that  a devel- 
oper, motivated  to  provide  the  highest  level  of 
system  performance  possible  at  a target  cost, 
may  implicitly  trade  reliability  and  maintain- 
ability for  greater  performance.  DOD  has  ex- 
perienced this  problem  in  past  developments 
where  such  trades  have  been  made  for  either 
additional  performance  or  lower  R&D  or  pro- 
duction cost.  Three  approaches  are  being  taken 
in  design  to  a cost  development  to  ensure 
adequate  reliability  and  maintainability  results : 

• Minimum  reliability  and  maintainability 
requirements  are  established  along  with  other 
minimum  acceptable  performance  specifica- 
tions. These  are  treated  as  major  system 
performance  parameters  during  performance 
verification.  (In  one  major  design  to  a cost 
development  only  reliability  and  maintain- 
ability are  the  very  few  items  firmly  specified; 
performance  is  largely  allowed  to  float.) 

• System  evaluation  is  structured  to  include 
reliability  and  maintainability  tests  and  demon- 
strations. Emphasis  is  on  field  tests  in  typical 
operational  environments  rather  than  labora- 
tory reliability  demonstrations  or  extensive 
paper  predictions. 

• Warranty  or  other  forms  of  incentives 
may  be  selectively  applied  to  developments  to 
motivate  system  designers  and  increase  con- 
tractor responsibility  for  field  reliability,  par- 
ticularly during  the  first  few  years  of  system 
life. 

Procedural  Issues 

There  are  presently  more  than  a dozen  DOD 


Several  years  ago,  it  became  clear  to 
many  that  we  would  need  to  make  system 
unit  cost  a much  more  important  factor  in 
our  R&D  than  had  been  the  case  in  the 
past.  We  were  also  wise  enough  to  know 
that  to  accomplish  this  would  require  a 
major  cultural  change  on  the  part  of  al- 
most all  the  institutions  and  people  that 
work  to  help  the  DOD  design  and  buy* 
weapon  systems. 

Accordingly,  for  the  past  several  years, 
DOD  and  many  of  its  consultants  have 
been  considering  how  to  make  design  to  a 
cost  the  accepted  and  general  approach  to 
weapons  development  and  procurement. 
We’ve  set  up  a number  of  task  forces,  in 
and  out  of  the  Government,  looking  at 
different  facets  of  the  problem.  We’ve 
undertaken  dozens  of  special  studies 
which  have  looked  at  past  practices  and 
potential  improvements,  and  we’ve  in- 
sisted that  a few  select  developments  op- 
erate under  the  design  to  a cost  approach. 

As  a result  of  all  this  activity,  we  think 
we’re  more  than  halfway  there.  As  a mat- 
ter of  fact,  we  project  that  within  a year 
almost  all  new  system  development  proj- 
ects in  DOD  will  be  initiated  with  a design 
to  a cost  approach. 

Design  to  a cost  is  necessary  because 
weapon  prices  have  been  continually  esca- 
lating whereas  the  projected  defense  bud- 
get has  leveled  off  and  its  real  purchasing 
power  is  likely  to  decline  during  the  rest 
of  this  decade.  We  found  that  if  we  priced 
out  over  a decade  the  procurement  of 
major  weapon  systems  finishing  develop- 
ment, we  would  need  twice  as  much  money 

V 

major  system  and  subsystem  development  pro- 
grams in  progress  which  embody  design  to  a 
cost  principles,  each  with  a number  of  differ- 
ences in  the  detail  of  the  approaches  being 
followed.  The  differences  reflect  the  construc- 
tive debate  among  design  to  a cost  advocates 
over  how  the  technique  can  best  be  practiced. 
Eventually,  practical  experience  will  be  accumu- 
lated which  will  provide  evaluated  procedures 
applicable  to  the  different  phases  of  develop- 
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as  we  had ; and  we  were  way  short  of  hav- 
ing the  resources  needed  to  maintain  cur- 
rent force  levels,  much  less  develop  and 
buy  all  the  other  minor  items  that  we 
needed. 

It  was  clear  why  weapon  prices  were 
going  up.  In  an  attempt  to  get  the  best, 
we  had  evolved  an  acquisition  system 
which  used  new  technology  to  improve 
performance  as  much  as  possible  rather 
than  to  reduce  price.  We  aimed  for  weapon 
systems  which  performed  many  missions 
against  many  advanced  threats.  When  a 
development  program  got  into  trouble,  we 
were  forced  to  compromise  performance 
or  cost  and,  in  almost  every  case,  we  didn’t 
relax  the  specifications.  Consequently,  the 
cost  inched  forward. 

Reduced  to  simplest  terms,  design  to  a 
cost  means  trading  performance  for  cost 
until  we  are  assured  that  a balance  is 
achieved  where  the  needed  military  per- 
formance can  be  provided  at  a price  we 
can  afford  for  the  quantities  we  need. 

It  is  important  to  recognize  that  design 
to  a cost  doesn’t  mean  “cheap”  equipment 
with  all  the  connotations  of  inferior  qual- 
ity. Our  objective  is  quite  the  contrary. 
We  need  and  want  quality  equipment  and 
intend  to  use  both  competition  in  develop- 
ment and  fly-before-buy  to  ensure  we  get 
it.  Through  the  design  to  a cost  and  fly- 
before-buy  approaches  we  expect  to 
achieve  better  value  for  our  dollars  and 
buy  quantities  of  quality  equipment. — 
Herbert  D.  Benington,  Deputy  Director 
of  Defense  Research  and  Engineering  ( In- 
formation and  Space  Systems). 


ment  as  well  as  to  different  types  of  system 
developments.  Among  some  of  the  different 
approaches  in  the  RFP,  specification  and  con- 
tracting areas  are: 

• A reflection  of  the  views  of  those  who 
advocate  the  establishment  of  minimum  essen- 
tial performance  requirements  and  specific 
guidance  concerning  higher  levels  of  desired 
(but  not  required)  performance.  Others  reflect 
the  view  that  only  the  operational  context 


and  initial  targets  need  to  be  specified,  leaving 
it  up  to  competing  developers  to  decide  how 
much  and  what  kinds  of  performance  they 
should  supply.  Perhaps  these  differences  will 
be  resolved  by  considering  the  somewhat  dif- 
ferent specification  needs  for  the  early  design, 
prototype  and  engineering  development  phases. 

• Another  point  reflected  in  ongoing  develop- 
ments is  whether  to  design  to  unit  production 
or  minimum  life  cycle  cost  targets.  In  those 
developments  where  unit  production  cost  is 
the  principal  design  goal,  incentives  such  as 
warranty  or  specified  minimum  levels  of  reli- 
ability or  maintainability  are  employed  to  con- 
trol resultant  support  costs  and  are  backed 
up  by  extensive  test  and  evaluation.  Generally, 
it  appears  use  of  ownership  cost  estimates  as 
a major  source  selection  criterion  and  the  use 
of  firm  unit  production  cost* *  targets,  coupled 
with  reliability  and  maintainability  incentives 
in  the  contract,  is  a pragmatic  approach  to 
satisfying  the  broad  objective  of  managing 
total  life  cycle  cost  in  the  near  term.  This  area, 
however,  needs  considerable  attention. 

• There  is  an  issue  concerning  the  mechanics 
of  establishing  the  level  of  the  cost  target. 
Should  top-down  analysis  from  budgetary 
allocations  be  employed?  This  could  work  for 
major  weapon  systems,  but  it  poses  serious 
problems  of  relevance  for  subsystems  employed 
in  different  major  systems.  Should  the  price 
level  be  determined  by  comparison  with  costs 
for  existing  systems  of  a similar  type?  If  so, 
what  assurance  is  there  these  costs  are  in  the 
right  ball  park? 

• Competition  is  essential  to  the  design  to  a 
cost  approach  since  it  is  a principal  vehicle  for 
ensuring  the  greatest  performance  is  provided 
for  the  price,  but  how  much  added  development 
cost  can  its  benefits  justify?  Can  we,  for  ex- 
ample, afford  competition  in  parallel  full  scale 
development  of  a major  system  such  as  an 
aircraft?  In  these  cases,  alternate  forms  of 
competition  could  be  provided  by  updated  ver- 
sions of  existing  systems,  foreign  developments 
or  other  functionally  equivalent  systems. 


* Most  ongoing  developments  specify  unit  production 
cost  targets.  There  is,  however,  an  important  issue  of 
whether  or  not  other  elements  of  acquisition  cost  such 
as  initial  spare  parts,  special  test  equipment,  documen- 
tation, etc.,  should  be  included  in  the  target. 
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• Concern  also  exists  about  the  type  of  con- 
tract which  should  be  employed  in  design  to  a 
cost  development.  To  date  both  fixed  price  and 
cost-plus  contracts  have  been  used.  Typically, 
when  performance  has  been  specified  at  high 
levels,  cost-plus  contracts  have  been  employed 
because  of  the  uncertainty  of  the  development 
effort  needed  to  achieve  specified  performance 
levels.  A similar  argument  would  justify  cost- 
plus  contracts  when  the  level  of  effort  war- 
ranted to  maximize  performance  within  produc- 
tion cost  targets  or  to  reduce  ownership  costs 
can  be  just  as  uncertain. 

• Another  question  which  arises  in  contract- 
ing discussions  is  when  to  require  legally  bind- 
ing estimates  of  production  cost.  One  ongoing 
development  requires  estimates  be  provided 
just  before  prototypes  are  delivered  for  com- 
petitive testing.  Requiring  estimates  that  late 
in  development  (as  opposed  to  earlier  stages) 
shows  appreciation  for  industry’s  concern  about 
undue  pressure  to  provide  binding  estimates  of 
production  cost  before  hardware  is  produced 
upon  which  to  base  the  estimates. 

• An  additional  problem  involves  the  appli- 
cation of  the  design  to  a cost  approach  to  one- 
of-a-kind  system  or  systems  in  which  develop- 
ment costs  are  a large  fraction  of  total  acquisi- 
tion cost.  For  these,  it  may  be  appropriate  to 
specify  performance  and  schedule  and  to  select 
contractors  based  on  lowest  acquisition  cost. 
On  the  other  hand,  if  the  needs  tend  to  be  open 
ended,  it  may  be  advantageous  to  specify 
acquisition  cost  and  to  compete  for  maximum 
performance  in  the  early  phases  of  design. 
If  development  cost  is  a significant  portion  of 
total  acquisition  cost,  then  relatively  greater 
emphasis  on  development  cost  versus  produc- 
tion cost  would  be  warranted.  For  the  latter 
two  cases,  some  of  the  design  to  a cost  princi- 
ples can  still  be  productively  applied. 

Applicability  to  DOD  Systems 

It  is  intended  that  design  to  a cost  principles 
be  selectively  applied  to  a major  fraction  of 
new  weapon  system  and  subsystem  development. 

At  issue  is  the  extent  to  which  cost  can  and 
should  be  established  as  a major  decision  design 
parameter  early  in  the  development  phase  for 


those  systems  which,  for  national  security 
reasons,  must  stress  the  full  state-of-the-art 
performance,  or  for  which  the  assessed  need  is 
sufficiently  urgent  that  performance  and  sched- 
ule trades  cannot  be  made.  Such  systems  will 
be  driven  by  performance  and  compete,  to  the 
extent  possible,  on  the  basis  of  lowest  cost  to 
meet  the  need.  This  is  the  inverse  of  the  thrust 
of  design  to  cost  in  which  cost  is  the  driving 
parameter,  and  competition  is  employed  to 
maximize  performance.  The  principles  of  track- 
ing unit  production  cost  during  the  develop- 
ment process  and  the  maintenance  of  tradeoff 
flexibility  and  incentives  to  reduce  production 
costs  by  judicious  rebalancing  of  requirements 
can  still  be  beneficially  applied  to  those  systems 
where  performance  is  critical.  The  summary 
issue  in  determining  applicability  is  the  extent 
to  which  the  Government  must  or  can  let 
acquisition  costs  continue  to  be  driven  by  per- 
formance rather  than  affordability. 

Innovation  Needed 

The  issues  raised  by  initial  application  of 
design  to  a cost  techniques  to  DOD  develop- 
ment programs  demonstrate  the  need  for  sig- 
nificant change  in  the  RFP,  specification,  con- 
tracting and  source  selection  processes  intro- 
duced by  design  to  a cost  development.  This 
technique  also  requires  innovation  and  change 
in  traditional  operating  procedures.  In  source 
selection,  for  example,  it  is  important  that  cost 
and  performance  be  jointly  evaluated  and  that 
flexibility  be  provided  which  will  permit  cost 
as  well  as  performance  negotiation. 

In  the  reliability  area,  it  is  essential  that 
significantly  greater  dependence  be  placed  on 
testing,  design  improvement  and  evaluation  in 
operationally  typical  environments  rather  than 
on  detailed  design  guidance  and  extensive  reli- 
ability prediction.  Adequate  time  and  money 
must  be  allocated  for  these  functions. 

What  is  suggested  is  that  a climate  be  created 
in  which  many  of  the  established  practices  can 
be  examined  for  their  value,  relevance  and  cost 
impact,  that  more  responsibility  be  given  to 
development  managers,  and  that  innovation  for 
lower  cost  and  higher  reliability  be  encouraged 
on  every  front.  □ 
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In  Systems  Acquisition  Process 


Army  Views  Challenge 
of  Design  to  Cost 


In  the  competitive  consumer  market,  industry, 
as  a standard  practice,  conducts  surveys  to 
determine  desired  product  characteristics  and 
the  price  consumers  want  and  can  afford  to  pay 
for  that  product.  Designers  are  then  charged 
with  the  responsibility  of  developing  items,  at 
predetermined  price  goals,  that  will  be  com- 
petitive in  the  marketplace. 

The  Defense  Department,  in  applying  the 
design  to  cost  concept,  is  essentially  borrowing 
a page  from  industry’s  notebook  in  an  attempt 
to  solve  the  dilemma  that  faces  defense  man- 
agers— the  rising  cost  of  acquiring  major 
weapon  systems.  Production  and  operating 
costs  in  defense  system  design  are  an  important 
consideration  to  assure  development  of  new 
weapon  systems  that  DOD  can  afford  to  buy  or 
operate. 

Although  a number  of  factors  influence  cost 
of  weapon  systems,  the  “nothing  but  the  best” 
syndrome  in  the  military  and  in  defense  indus- 
try is  a significant  contributor  to  the  problem. 
Military  users  have  insisted  on  systems  that 
have  pushed  the  techno’ogical  state  of  the  art. 
Industry  designers  and  engineers  have  been 


by  Maj.  Gen.  Frank  A.  Hinrichs,  USA 
Commanding  General 
U.5.  Army  Aviation  Systems  Command 


eager  to  satisfy  DOD  requirements  with  sys- 
tems concepts  that  maximized  performance.  In 
other  words,  we  have  been  totally  committed  to 
“designing  to  performance”  with  production 
cost  given  little  consideration.  If  the  trend 
toward  higher  cost  of  systems  is  to  be  stopped, 
a change  from  this  traditional  approach  is 
needed.  Design  to  cost  provides  a potential  tool 
for  the  defense  manager  to  make  this  change. 

The  design  to  cost  concept  was  introduced  in 
July  1971  when  DOD  Directive  5000.1,  “Ac- 
quisition of  Major  Defense  Systems,”  was  is- 
sued. This  directive  requires  translation  of  cost 
elements  into  design  to  cost  requirements  and 
practical  trade-offs  between  system  capability, 
cost  and  schedule.  Since  issuance  of  this  direc- 
tive, design  to  cost  has  been  established  as  a 
major  program  to  control  costs  of  weapon  sys- 
tems in  the  future. 

Design  to  Cost  Features 

Under  the  design  to  cost  concept  a unit  pro- 
duction cost  goal  for  the  item  must  be  estab- 
lished prior  to  development.  This  goal  will  en- 
sure from  the  start  that  industry  is  challenged 
during  design  and  development  efforts  to  pro- 
vide an  item  of  acceptable  performance  that 
will  not  cost  more  than  the  Army  can  afford  to 
pay.  The  design  to  cost  goal  established  by  the 
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Government  will  be  the  average  price  per  copy 
for  the  total  number  of  items  programmed  for 
procurement. 

Figure  1 provides  a pictorial  view  of  the 
Army  application  of  the  design  to  cost  concept 
to  weapon  systems  acquisition  programs.  The 
learning  curve  will  vary  depending  upon  the 
typical  pattern  for  the  industrial  area  involved. 
This  example  illustrates  the  midpoint  of  a 
1,000-unit  lot  with  a design  to  cost  estimate  of 
$100,000  for  each  production  unit  on  an  85- 
percent  unit  learning  curve.  The  solicitation 
will  normally  contain  a design  to  cost  range 
which  will  provide  the  designer  of  the  system 
flexibility  in  determining  his  proposal.  During 
contract  negotiations,  the  specification  design 
to  cost  value  will  be  established  based  upon  the 
contractor’s  proposed  design  and  the  factors 
which  make  up  the  cost.  The  negotiated  design 
to  cost  will  contain  adjustments  for  the  trade- 
offs made  in  the  system. 

Inherent  in  the  concept  is  the  element  of 
trade-off — an  essential  element  if  the  concept  is 
to  be  effective.  The  Army  must  be  able  to  ac- 
quire quality  products  at  or  below  the  design  to 
cost  goals.  Further,  designs  that  do  not  provide 
a significant  cost  effectiveness  advantage  over 
current  systems  are  of  questionable  value.  Mar- 
ginal and  inferior  products  that  are  just  cheap 
are  not  acceptable.  The  Government  is  looking 
for  the  best  balance  of  performance,  cost  and 
schedule  which  produces  a system  within  reas- 
onable limits.  The  key  words  here  are  “reason- 
able limits.” 

A contractor  should  submit  a proposal  that  is 
both  responsive  to  system  requirements  and  be- 
low the  established  unit  production  cost  ceiling. 
The  offeror  is  encouraged  to  submit  a proposal 
that  offers  what  he  considers  the  best  buy.  He 
may  propose  a concept  quite  different  from  that 
envisioned  by  the  Government,  e.g.,  a single 
rotor  in  lieu  of  a tandem  rotor ; or  he  may  pro- 
pose a similar  concept  including  reasonable 
trade-off  proposals  which,  though  falling  out- 
side the  performance  standards,  will  signifi- 
cantly reduce  costs,  e.g.,  a trade-off  of  five  miles 
per  hour  of  speed  for  a savings  in  fuel  con- 
sumption. 

Figure  2 depicts  an  example  of  the  trade-off 
concept.  The  middle  of  the  chart  represents  the 
trade-off  area.  It  is  in  this  middle  area  or  band 
that  contractors  are  challenged  and  encouraged 
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to  submit  proposals.  This  is  the  area  where 
trade-offs  between  performance,  schedule  and 
cost  are  expected. 

On  the  chart  Proposal  A illustrates  a hypo- 
thetical trade-off  proposal  wherein  performance 
is  proposed  below  the  upper  band  and  schedule 
at  the  bottom  limits  of  this  upper  band,  with 
cost  falling  in  the  upper  portion  of  the  design 
to  cost  range.  In  Proposal  B performance  is 
within  the  desired  requirements;  however,  a 
greater  slippage  in  schedule  is  proposed  result- 
ing in  a lower  unit  production  cost  but  still 
within  the  design  to  cost  range.  Proposal  C 
typifies  a trade-off  much  greater  in  perform- 
ance and  schedule  with  cost  falling  below  the 
design  to  cost  range. 

All  three  of  the  hypothetical  trade-off  pro- 
posals illustrated  in  Figure  2 are  responsive  to 
the  request  for  proposal  (RFP)  and  would  re- 
ceive considerations.  The  costs  shown  for  these 
trade-offs  are  significantly  lower  than  would 
have  been  realized  without  the  application  of 
the  trade-off  concept. 

This  philosophy  is  used  to  challenge  industry 
to  exercise  maximum  ingenuity  and  flexibility. 
Potential  contractors  for  developing  a required 
weapon  system  must  be  capable  of  providing 
proposals  that  trade  off  cost,  schedule  and  per- 
formance. This  is  asking  the  maximum  of  in- 
dustry technical  and  management  capabilities 
in  proposing  a system  that  will  be  the  best  buy 
for  the  Government’s  dollar.  It  will  result  in 
systems  the  Government  can  afford  to  buy.  Two 
factors  are  pertinent  to  achieving  this  goal: 

• Accepting  a higher  cost  for  research  and 
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development  to  bring  about  a lower  unit  pro- 
duction cost.  Undue  emphasis  on  development, 
however,  can  bring  about  a reverse  result  and 
not  an  ideal  economic  one.  It  is  important  to 
avoid  emphasis  on  the  ultimate  in  economy  with 
an  unending  development  program. 

• Giving  designers  freedom  to  search  for 
greater  field  reliability  at  less  cost.  This  free- 
dom can  be  achieved  by  employing  to  a greater 
extent  the  bands  of  performance  in  specifica- 
tions instead  of  specific  design  features.  It  is 
expected  that  contractors  will  suggest  changes 
to  the  RFP  requirements  that  they  believe  will 
be  of  economic  benefit  to  the  Government. 
Subject  to  trade-offs  are  military  specifications, 
schedule,  performance  and  other  RFP  needs  to 
arrive  at  the  most  cost  effective  design. 

Establishing  the  Right  Price 

Stating  the  design  to  cost  concept  in  simpler 
terms,  an  individual  contracting  for  the  con- 
struction of  a new  home  can  think  of  many 
features  he  would  like  the  builder  to  include. 
If  he  has  the  money,  cost  is  no  problem.  On  the 
other  hand,  if  he  can  afford  only  a $50,000 


home  and  his  dream  house  will  cost  $150,000, 
he  must  make  a decision.  He  can  choose  the 
dream  house  which  will  be  turned  over  to  him 
one-third  finished  when  his  $50,000  is  spent 
or  he  can  select  the  $50,000  acceptable  product 
even  though  it  doesn’t  incorporate  many  of  the 
nice  to  have,  but  unnecessary,  features  of  the 
dream  house.  The  design  to  cost  concept  applies 
this  simple  logic  to  acquisition  of  defense 
weapon  systems. 

The  biggest  problem  of  the  design  to  cost  or 
production  unit  cost  goal  is  establishing  the 
right  price  for  the  required  military  capability. 
Although  difficult  to  answer,  it  is  a question 
that,  in  the  end,  must  be  answered  by  the  com- 
bined efforts  of  Government  and  industry. 

Several  constraints  must  be  kept  in  mind  by 
both  parties.  As  mentioned  previously,  limited 
dollars  will  be  available  for  acquiring  defense 
systems  so  the  user  must  eliminate  nice  to  have 
features  and  question  those  which  push  the 
state  of  the  art.  Industry  must  provide  pro- 
posals which  trade  off  items  considered  unnec- 
essary or  offer  a more  effective  method  of 
accomplishing  the  task.  In  addition,  we  must 
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sharpen  our  cost  estimating  techniques,  begin- 
ning with  parametric  cost  estimating,*  to  help 
set  the  initial  parameters.  Finally,  added  to  all 
of  these  efforts  must  be  hard  work,  dedication 
and  disciplined  management. 

There  must  be  discipline  on  the  part  of  the 
Government  to  designate  performance  and 
quality  parameters  which  will  permit  the  de- 
velopment of  an  acceptable  item  at  a cost  it  can 
afford ; and  discipline  on  the  part  of  industry  to 
accept  the  challenge  of  developing  an  item 
which  will  fulfill  the  defense  mission  within  the 
dollars  Congress  appropriates  for  it.  Should 
either  of  us  fail  to  accept  that  discipline,  there 
will  be  no  winner. 

New  Army  Acquisition  Policies 

The  Department  of  the  Army  has  now  estab- 
lished six  basic  policies  outlining  the  frame- 
work of  the  systems  acquisition  program.  While 
these  policies  represent,  to  some  extent,  a re- 
affirmation of  policies  already  in  effect,  they 
also  reflect  new  policy  on  the  acquisition  proc- 
ess. The  policies  are  all  aimed  at  the  realistic 
reduction  of  the  cost  of  weapon  systems  ac- 
quisition and  operation.  Essentially  they  are: 

• Shorten  requirements  generation  time. 

• Utilize  high  level  decision  making. 

• Shorten  development  time. 

• Observe  funding  priorities. 

• Consider  cost  versus  quantity. 

• Exercise  program  cost  control. 

The  area  of  shortened  requirements  genera- 
tion time  is  primarily  an  in-house  Army  action 
to  reduce  the  time  between  the  origin  of  an 
idea  and  its  establishment  as  a requirement,  or 
its  abandonment  in  favor  of  a better  concept 
or  a higher  priority  item. 

Generally,  new  development  efforts  will  start 
when  a technological  opportunity  appears, 
when  potential  enemies  are  developing  equip- 
ment superior  to  ours,  or  when  there  is  a gen- 
eral consensus  that  equipment  in  the  hands  of 
troops  will  soon  be  obsolescent.  This  Army  ef- 
fort begins  with  the  assembly  of  a special  task 
force  to  prepare  a detailed  description  of  the 
proposed  system  and  development  plans  for 
consideration  and  approval  of  the  Army. 

• See  “Parametric  Cost  Estimating  Aids  DOD  in 
Systems  Acquisition  Decisions " by  Donald  W.  Srull, 
Defense  Management  Journal,  April  1972,  p.  2. 


A realistic  systems  acquisition  program  for 
the  Department  of  the  Army  involves  high  level 
decision  making.  The  top  managers  of  the 
Army  participate  in  face-to-face  decision  mak- 
ing on  major  weapon  systems  development.  The 
Army  Systems  Acquisition  Review  Council 
(AS ARC)  is  the  vehicle  for  such  decisions. 
After  the  first  ASARC  meeting,  the  Army 
makes  a maximum  effort  to  assure  the  acquisi- 
tion of  the  system  within  the  shortest  reason- 
able time. 

In  implementing  the  policy  of  shortened  de- 
velopment time,  the  Army  established  six  years 
as  the  target  from  the  first  ASARC  meeting  to 
initial  operational  capability  (IOC),  providing 
it  can  be  accomplished  without  inordinate  risks. 
In  subdividing  the  overall  time  frame,  the 
Army  has  established  a target  of  less  than  six 
months  from  the  first  ASARC  meeting  to  the 
contract  award. 

There  is  presently  an  increased  emphasis  on 
the  development  of  new  systems  to  take  ad- 
vantage of  advanced  technology.  However, 
RDTE  (Research,  Development,  Test  and  Engi- 
neering) appropriations  are  far  from  being  un- 
limited. Within  the  RDTE  appropriation,  the 
Army  must  trade  off  low  priority  projects  to 
permit  full  funding  of  top  priority  projects  so 
development  time  is  not  lengthened.  Recently, 
we  have  witnessed  the  termination  of  engineer- 
ing feasibility  study  contracts  for  the  Army 
Aerial  Scout,  while  projects  of  higher  priority 
like  HLH  (Heavy  Lift  Helicopter)  and  UTTAS 
(Utility  Tactical  Transport  Aircraft  System) 
have  been  funded. 

The  success  of  a program  requires  that  the 
system  acquisition  meet  technical  performance 
objectives  not  only  within  a reasonable  time 
frame  but  also  within  planned  budgets.  Exces- 
sive cost  growth  has  been  a major  factor  in  the 
cancellation  or  cutback  of  some  programs  by 
the  Office  of  the  Secretary  of  Defense  and  Con- 
gress. Extreme  care  must  be  exercised  to  en- 
sure that  cost  estimates  realistically  represent 
the  cost  of  the  system  and  that  meaningful  cost 
control  over  the  acquisition  process  is  main- 
tained. 

Control  of  cost,  during  development,  must  in- 
clude consideration  of  the  full  cost  effect  of 
technical  changes  and  whether  or  not  additional 
expenditure  will  be  returned,  with  interest, 
during  the  production  and  operational  phases. 
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Program  managers  must  be  prepared  to  con- 
sider trade-offs  involving  performance  within 
primary  bands,  secondary  characteristics  and 
related  savings.  They  must  also  consider  de- 
velopment schedules  and  production  and  op- 
erating cost  trade-offs  to  assure  the  availability 
of  a cost  effective  system  for  production. 

Contract  Negotiation 

Another  practice  being  implemented  at  Army 
Aviation  Systems  Command  (AVSCOM)  is 
negotiation  of  contracts  before  selection  of  the 
winning  contractors  for  major  systems  pro- 
grams. 

With  Utility  Tactical  Transport  Aircraft 
System  contracts  awarded  in  August  1972, 
AVSCOM  implemented  the  practice  of  nego- 
tiating fully  structured  contracts  with  all  offer- 
ors in  the  zone  for  consideration.  Our  plans  for 
upcoming  major  programs  are  to  conduct  nego- 
tiations throughout  the  evaluation  period.  This 
will  permit  the  preparation  of  contracts  for  all 
potential  awardees.  Proposed  contracts  signed 
by  each  contractor  will  then  be  available  for 
presentation  to  the  Source  Selection  Authority. 
Following  his  decision,  the  offer  from  the  win- 
ning contractors  need  only  be  signed  by  the 
contracting  officer  to  become  an  effective  con- 
tract. 

This  process  should  improve  negotiations. 
The  evaluators  from  the  Source  Selection  Eval- 
uation Board  are  the  most  familiar  with  the 
weak  and  strong  points  of  each  proposal  and 
the  rationale  for  the  rating.  Negotiation  during 
the  evaluation  permits  these  evaluators  to  par- 
ticipate and  to  present  their  positions  to  the 
offerors  for  resolution  of  each  item. 

Design  to  Cost  Incentive 

The  contract  awarded  for  the  development  of 
a system  will  include  an  incentive  provision  to 
cause  the  contractor  to  keep  the  production  cost 
spotlighted  throughout  the  development  pro- 
gram. An  award  fee,  based  on  the  contractor’s 
progress  toward  achieving  the  established  re- 
curring production  unit  cost  goal,  is  an  appro- 
priate incentive  provision.  The  amount  of  the 
incentive  fee  must  be  sufficient,  i.e.,  it  has  to  be 
large  enough  to  really  keep  the  attention  of  the 
contractor’s  top  management  on  the  achieve- 
ment of  the  design  to  cost  ceiling. 


The  whole  thrust  of  the  award  fee  incentive 
provision  is  to  ensure  the  contractor  is  main- 
taining a dedicated  effort  to  designing  an  item 
which  will  cost  the  Government  no  more  than 
the  design  to  cost  goal  stated  in  the  contract.  It 
also  causes  the  Government  to  intensively  eval- 
uate and  assess  the  estimated  production  cost 
of  the  item  at  regularly  scheduled  intervals  dur- 
ing development.  If  the  Government  is  con- 
vinced at  a relatively  early  milestone  in  the  de- 
velopment that  the  contractor’s  design  is  sus- 
ceptible to  meeting  the  unit  production  cost 
goal,  an  award  of  part  of  the  “design  to’’  award 
fee  portion  of  the  contract  could  be  made.  The 
first  fee  award  could  be  up  to  20  percent  of  the 
design  to  fee  pool.  Increasingly  larger  percent- 
ages would  be  available  for  award  fee  by  the 
Government  at  consecutive  milestones  which 
provide  greater  assurance  of  the  design  pro- 
ducibility  at  the  price  established  in  the  con- 
tract. 

Another  feature  would  be  that  any  award  fee 
not  earned  at  periodic  intervals  could  be  car- 
ried forward  for  possible  award  at  the  conclu- 
sion of  the  development.  It  is  the  Government’s 
desire  the  contractor  achieve  the  production 
unit  price  which  has  been  established. 

I would  be  less  than  candid  if  I did  not  men- 
tion, however,  the  most  significant  portion  of 
the  award  fee  will  not  be  available  to  the  con- 
tractor until  completion  of  the  development.  I 
believe  an  award  of  up  to  50  percent  of  the  total 
fee  available  under  the  design  to  provisions  of 
the  contract  should  be  available  for  award  at 
that  time.  This  is  the  time  the  contractor  as- 
sumes the  real  acid  test  by  agreeing  to  a fixed 
price  type  contract  for  the  initial  production 
quantity. 

Failure  To  Achieve  the  Goal 

There  is  one  point  I want  to  make  clear.  If 
the  contractor  fails  to  ultimately  achieve  the 
design  to  cost  goal,  he  will  jeopardize  his  con- 
tract and  the  entire  program.  The  Army  faces 
the  same  constraints  when  submitting  a pro- 
gram for  approval  to  the  Secretary  of  Defense 
and  is  required  under  the  ground  rules  to  set 
forth  the  design  to  cost  goal.  This  goal  is  then 
considered  by  the  Secretary  of  Defense  to  de- 
termine whether  or  not  the  Defense  Depart- 
ment can  afford  the  system  and  whether  or  not 
the  Army  should  be  authorized  to  proceed  with 
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its  development.  If  the  Army  fails  to  develop 
and  produce  the  item  within  the  design  to  cost 
goal  agreed  to  with  the  Secretary  of  Defense,  it 
could  result  in  program  cancellation. 

Under  the  design  to  cost  and  trade-off  con- 
cepts, technical  aspects  and  cost  will  be  equally 
weighted.  Within  the  cost  area,  priority  is  now 
given  to  the  design  to  production  unit  cost  and 
cost  of  operations  over  research  and  engineer- 
ing cost.  In  other  words,  the  Government  is 


willing  to  pay  a higher  development  cost  if  it 
achieves  a more  economical  production  unit  cost 
and  a lower  cost  of  operation. 

Although  these  concepts  will  be  further  re- 
fined as  we  gain  experience,  they  are  a signifi- 
cant step  forward  for  the  Army  in  reducing  the 
cost  of  defense  weapon  systems.  Thus,  while 
there  is  continuing  emphasis  on  obtaining  a 
quality  system  technically,  we  are  turning  the 
spotlight  toward  cost.  □ 


Every  event  that  a man  would 
master  must  be  mounted  on  the 
run,  and  no  man  ever  caught 
the  reins  of  a thought  except  as 
it  galloped  past  him. 

— Oliver  Wendell  Holmes,  Sr. 
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Design  to  Cost  Application 
in  Military  Environment 
Means  Changing  Old  Ways 


ompetition  in  the  commercial  avionics 
marketplace  dictates  the  selling  price  of  the 
various  products.  If  the  price  is  too  high  the 
products  will  not  sell.  The  acceptability  of  a sell- 
ing price  is  based  on  many  factors,  some  of 
which  are  what  competition  offers,  technical 
features  that  result  in  adequate  performance  in 
actual  use,  return  of  profit  necessary  for  a com- 
pany to  remain  in  business  and  that  the  pro- 
ducing company  will  be  held  responsible  for 
reliability  performance  in  use. 

Relating  the  experiences  of  the  Collins  Radio 
Co.  in  commercial  avionics  and  comparing  the 
design  to  cost  concepts  to  possible  DOD  appli- 
cations, four  general  areas  will  be  explored  in 
this  article : 

• Actual  results  of  design  to  cost  in  the  com- 
mercial market. 

• Typical  trade-off  decisions  necessary  dur- 
ing the  design  cycle  to  hold  down  production 
costs. 

• Electronic  equipment  procurement  com- 
parisons between  the  military  and  the  air  trans- 
port industry. 

Myron  F.  Wilson 
Director  of  Operations 
Collins  Radio  Co. 

Opinions  expressed  herein  ore  those  of  the  author  and 
not  necessarily  those  of  the  Deportment  of  Defense. 


• Using  the  air  transport  industry  as  a 
model,  presentation  of  some  suggestions  for  ap- 
plying similar  techniques  to  military  procure- 
ment, with  concrete  advantages  to  the  military 
and  industry. 

The  initial  production  cost  goal  must  be 
established  at  the  time  of  design  concept  by  a 
structured  group  of  design  engineers  and  man- 
ufacturing specialists,  including  industrial 
engineers,  quality,  reliability,  and  component 
part  engineers,  value  engineers,  purchasing  and 
cost  tracking  specialists.  As  the  design  concept 
evolves  into  later  stages  of  development,  there 
must  be  a continuous  and  scheduled  monitoring 
of  estimated  producT’on  costs.  When  necessary, 
changes  must  be  made  to  reflect  required  tech- 
nical feature  trade-offs,  as  well  as  revisions  to 
simplify  production  or  the  use  of  fewer  and 
cheaper  parts. 

Some  Actual  Results 

Figure  1 depicts  actual  results  of  production 
estimates  for  three  avionic  equipments.  The 
dashed  line  represents  estimates  of  production 
costs  during  the  design  cycle,  while  the  large 
dot  denotes  the  actual  production  cost  at  the 
present  time.  Reductions  are  expressed  as  a 
percentage  of  the  concept  goal. 

Figure  2 provides  an  actual  comparison  of  a 
commercial  product  and  a military  adaptation 
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COMMERCIAL  PRODUCT  COSTS 
CONCEPT  TO  CURRENT  PRODUCTION  COSTS 


DEVELOPMENT 

(ESTIMATED)  PRODUCTION 

CONCEPT  PRODUCTION  COSTS)  (PRESENT  COSTS) 
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Figure  1 

of  an  aircraft  instrument  landing  receiver 
manufactured  by  Collins.  This  equipment  was 
originally  developed  for  commercial  application 
for  conditions  during  which  the  aircraft  must 
land  without  visible  contact  with  the  runway. 
Therefore,  the  primary  autoland  characteristics 
are  continuously  monitored  and  the  use  of  self- 
test circuitry  is  extensive.  The  obvious  need  for 
reliability  demands  the  use  of  reliable  parts 
which  have  been  adequately  derated  for  conser- 
vative application. 

The  equipment  was  adapted  at  a later  date  to 
a military  application  which  dictated  a more 
rugged  packaging  to  meet  tougher  environ- 
mental specifications.  Many  of  the  monitoring 
and  self-test  capabilities  were  removed.  Due  to 
these  differences  from  the  commercial  equiv- 
alent, a lower  production  rate  resulted  and  the 
concept  cost  goals  were  set  at  70  percent  above 
the  commercial  version.  By  the  end  of  the  de- 
sign cycle,  the  commercial  version  was  7 per- 
cent under  its  concept  cost  goal  while  the  mil- 
itary version  was  38  percent  over  its  goal.  Some 
reasons  for  the  increased  military  cost  were : 

• Military  specifications  required  that  no 
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more  than  three  wires  be  attached  to  any  ter- 
minal and  front  panel  screws  be  painted  to 
match  the  panel  (the  commercial  version  used 
stainless  steel  screws). 

• Some  feather  edges  in  countersunk  holes  in 
the  aluminum  chassis  would  not  meet  military 
specifications. 

• Military  version  required  JAN-TX  and 
ER  parts  which  increase  re’iability  but  are 
more  expensive  and  less  available. 

A primary  concern,  as  shown  in  Figure  2,  is 
that  the  original  concept  goals  for  production 
costs  were  70  percent  more  for  the  military  ver- 
sion than  the  commercial  version  and  that  the 
actual  costs  are  considerably  more. 


Trada-OfF  Decisions 

There  is  greater  freedom  to  act  in  the  com- 
mercial world  because  of  better  knowledge  of 
higher-order  system  requirements  and  im- 
proved direct  communication  between  the  de- 
signer and  the  end  item  user.  This  freedom  per- 
mits more  effective  trade-off  decisions,  which 
result  in  reduced  costs  and  improved  reliability. 
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Some  typical  decisions  applied  to  commercial 
products  are: 

• Reduction  of  the  minimum  power  output 
requirement  by  1.4  decibels  which  had  an  insig- 
nificant effect  on  performance.  A lower-cost 
output  transistor  could  now  be  used  and  the 
junction  temperature  was  lowered,  resulting  in 
improved  reliability. 

• Change  to  a new  type  of  integrated  circuit 
resulting  in  elimination  of  several  discrete  parts 
and  a complete  multilayer  board.  Such  a change 
to  military  equipment  would  have  required  non- 
standard part  approval. 

• Use  of  a lower-cost  meter  movement  with 
a special  low-scale  calibration  rather  than  a 
more  complex  servo  system  as  originally  con- 
ceived. 

Procurement  Comparisons 

In  most  military  procurements,  multiple 
users  feed  their  requirements  into  an  approval 
agency  which,  in  turn,  transmits  them  to  a pro- 
curement and  technical  definition  group.  Defin- 
itive specifications  are  let  to  the  contractors  for 
bidding.  There  is  little,  if  any,  communication 
back  to  the  user  and  almost  no  cost  versus  func- 
tion trade-off  considerations. 

In  the  procurement  route  used  by  the  air 
transport  industry  for  electronic  equipment, 
the  users  normally  feed  their  system  require- 
ments to  the  Radio  Technical  Commission  for 
Aeronautics  (RTCA)  where  the  users,  industry 
and  Government  agencies,  ultimately  define  the 
minimum  system  operational  characteristics. 
Then  specific  equipment  requirements  are  gen- 
erated from  these  characteristics  by  Aero- 
nautical Radio  Incorporated  (ARINC),  an  in- 
dependent affiliation  of  the  air  carriers.  Such 
requirements  define  the  general  functional 
characteristics,  including  form  and  fit,  and  are 
a joint  determination  of  the  users,  industry  and 
the  Government. 

While  these  general  technical  requirements 
are  established  through  RTCA  and  ARINC,  the 
cost  versus  specific  function  trade-offs  are  nego- 
tiated, individually  and  directly,  between 
various  users  and  industry.  In  this  respect,  the 
user  considers  initial  and  maintenance  costs, 
operational  characteristics  and  warranty  con- 
ditions within  the  envelope  requirements  speci- 
fied by  ARINC.  On  a broad  basis,  the  contrac- 
tor’s reputation  for  price,  delivery  and  quality 
is  very  important  to  successful  procurement. 


Suggestions  for  DOD  Procurement 

Recognizing  the  current  differences  in  pro- 
curement methods  and  their  applications,  the 
importance  of  DOD  enlarging  its  efforts  to  de- 
fine and  advance  system  requirements  cannot 
be  overemphasized.  Both  industry  and  the  mil- 
itary need  this  information  to  make  intelligent 
cost  versus  function  trade-offs,  such  as  RTCA 
provides  in  the  air  transport  market.  The  fol- 
lowing suggestions  are  offered  as  a basis  for 
further  consideration  of  alternative  applica- 
tions : 

Adopt  a common  form-fit  concept  for  stand- 
ardization and  enlargement  of  the  military 
market  for  maximum  stimulation  of  competi- 
tion. To  accomplish  this,  DOD  would  provide,  in 
concert  with  industry,  specific  form  and  fit  and 
generalized  functional  requirements  by  equip- 
ment type.  Then  the  Military  Departments, 
again  in  association  with  industry,  would  de- 
termine the  specific  equipment  functions,  as 
well  as  expected  production  cost  targets.  Any 
Military  Department  could  utilize  an  equipment 
developed  by  another  Department  as  the  size, 
connectors  and  external  wiring  would  be  the 
same.  An  industry  supplying  one  Department 
could  produce  for  another  Department,  provid- 
ing for  an  enlarged  production  base. 

Establish  technical  councils  comprised  of 
users,  military  technical  definition  agencies  and 
participating  contractors.  Divide  council  par- 
ticipation into  three  phases,  with  different 
membership  for  each.  These  phases  would  be: 

• Phase  1 — Definition  of  form  and  fit  en- 
velope by  equipment  type. 

• Phase  2 — Establishment  of  specific  equip- 
ment requirements  with  production  cost  tar- 
gets. 

• Phase  3 — Continuous  review  of  cost  versus 
performance  trade-offs  during  the  design  cycle 
(including  only  contractors  with  specific  con- 
tracts). 

Specific  equipment  requirements  should  be 
classified  into  three  distinct  categories:  essen- 
tial, important,  and  desirable.  All  requirements 
would  be  susceptible  to  cost  versus  function 
trade-offs,  as  administered  by  the  Phase  3 tech- 
nical council  already  described.  The  reliability 
aspects  of  the  end  product  must  remain  a pri- 
mary consideration  in  trade-off  decisions.  In  the 
example  cited  earlier,  power  output  would 
usually  be  considered  an  essential  requirement 


Defense  Management  Journal 


19 


and  yet  a reduction  of  1.4  decibels  could  im- 
prove the  equipment  reliability  to  a point  where 
that  particular  trade-off  would  be  a very  wise 
decision. 

Specifications  should  be  applied  only  as  neces- 
sary and  directly  applicable,  and  only  by  refer- 
ence to  each  paragraph  number  of  the  individ- 
ual specification.  This  will  eliminate  the  long- 
standing problem  of  automatic  and  expensive 
inclusion  of  subsidiary  specifications.  All  speci- 
fications thus  applied  should  be  continuously 
reviewed  during  the  design  cycle  for  applicabil- 
ity and  necessity,  with  no  specifications  to  be 
applied  during  the  production  cycle  which 
were  not  in  force  during  the  design  cycle.  As 
an  example,  two  equipments  of  similar  func- 
tion, a military  UHF  transceiver  and  a com- 
mercial VHF  transceiver  are  compared.  For 
the  commercial  equipment,  nine  documents 
totally  describe  the  needed  requirements.  For 
the  military  equipment,  44  documents  are  di- 
rectly referenced  (22  specifications,  17  stand- 
ards, 5 publications)  and  one  of  the  specifica- 
tions (MIL-E-5400)  references  408  specifica- 
tions and  standards  through  the  next  tier  alone. 
These  two  equipments  have  the  same  basic  mis- 
sion, multifrequency,  air-to-ground  line-of- 
sight  communications ; however,  the  cost  differ- 
ence is  about  6 to  1. 

Contractor  responsibility  for  equipment  per- 
formance after  delivery  should  be  required  by 
DOD.  The  air  transport  business,  as  mentioned 
earlier,  relies  heavily  on  the  producer's  reputa- 
tion, and  follow-on  business  provides  the  incen- 


tive to  do  a good  job.  DOD  must  find  some 
method  of  providing  the  incentive  to  accom- 
plish the  same  result.  Since  such  incentives  and 
responsibilities  require  more  specific  definition, 
the  following  is  suggested : 

• All  equipments  to  be  repaired  by  the  con- 
tractor. 

• Operational  mean  - time  - between  - failure 
(MTBF)  to  be  contractually  specified. 

• Cost  of  repair  actions  to  be  negotiated, 
considering  verified  failures  and  unverified  re- 
turns. 

• Negotiate  the  expected  number  of  equip- 
ments to  be  returned  based  on  MTBF  calcula- 
tions and  considering  unverified  failures. 

• Provide  for  Government  verification  of 
equipment  which  is  obviously  beyond  repair, 
such  as  burned-up,  run  over  by  a truck,  etc. 

• Each  month  send  the  contractor  the  cal- 
culated dollars  for  expected  returns,  assuming 
that  the  contractual  MTBF  is  being  met. 

• The  contractor,  in  turn,  absorbs  excess 
failure  costs  or  profits  when  equipment  per- 
forms better  than  the  specified  MTBF. 

Summary 

Electronic  equipment  can  be  designed  to  cost. 
However,  contractors  must  have  greater  free- 
dom of  action  by  being  able  to  make  trade-off 
decisions.  The  overall  system  parameters  must 
be  known  if  the  proper  trade-offs  are  to  be 
made,  but  further  dialog  is  necessary  between 
industry  and  DOD  to  utilize  these  suggestions 
in  the  military  environment.  □ 


Training  is  everything.  The 
peach  was  once  a bitter  almond ; 
cauliflower  is  nothing  but  cab- 
bage with  a college  education. 

— Mark  Twain 
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Designing  to  Low  Ownership  Cost 
Requires  Knowledge  of  Many  Factors 


Ownership  cost  as  distinguished  from  price 
indicates  all  costs  the  Government  incurs  from 
the  initial  decision  to  proceed  toward  acquisi- 
tion of  a defense  system  throughout  the  oper- 
ational life  of  the  system. 

Current  emphasis  of  the  Defense  Depart- 
ment on  designing  to  an  ownership  cost  re- 
quires sound  knowledge  of  the  customer  and 
product,  and  systematic  trade-offs  between  the 
effort  expended  in  design  and  development  and 
the  expected  resultant  savings  in  operation. 
An  appropriately  motivated  and  informed  de- 
sign team  can  contribute  more  to  a balanced 
design  than  a bushel  of  trade-off  studies,  but 
with  complex  technology  and  only  partial 
knowledge  of  the  customer’s  environment, 
emphasis  on  cost  reduction  in  any  single  area 
does  not  always  yield  reduction  in  overall 
ownership  cost.  For  example,  attempting  to 
reduce  the  number  of  flight  line  and  base  level 
maintenance  man-hours  required  to  service  an 
unreliable  radar  transmitter  by  packaging  the 
transmitter  as  an  individual  LRU  (line  replace- 
able unit)  and  repairing  only  at  a depot  ignores 
the  long  pipeline  of  spare  transmitter  LRUs 
stretching  from  depot  to  base.  On  the  other 
hand,  the  cost  of  the  spares  pipeline  may  be 
cheaper  than  the  personnel  training  cost  re- 
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quired  to  keep  qualified  radar  repair  techni- 
cians at  each  base.  The  most  desirable  action 
would  be  to  improve  transmitter  reliability  but 
research,  development  and  test  costs  may  out- 
weigh projected  operating  savings.  Thus  de- 
signing to  an  ownership  cost  involves  knowing 
which  factors  make  a cost  difference,  which 
factors  the  contractor  can  control,  and  the 
manner  in  which  expenditures  or  design 
changes  in  one  area  affect  performance  and 
costs  in  other  areas. 

Current  cost  trade-offs  use  marginal  or  direct 
cost  factors  rather  than  full  ownership  cost 
factors.  As  a result,  even  when  reliability  and 
maintainability  trade-offs  accomplished  during 
system  development  show  the  value  of  increased 
development  efforts  to  improve  supportability, 
rarely  are  additional  funds  expended  to  acquire 
a supportable  system.  This  is  explained  by  the 
different  types  of  funds  involved,  the  uncer- 
tainty of  future  savings,  and  the  relatively 
small  support  cost  savings  the  marginal  cost 
analysis  indicates. 

Measuring  and  Computing  Ownership  Cost 

Ownership  costs  include  RDT&E,  investment, 
and  operating  and  support  costs.  A representa- 
tive breakout  of  these  costs  includes: 

• Subsystem  Design  and  Development:  Test 
set  production  (manufacturing  labor,  manufac- 
turing materials,  sustaining  engineering),  test 
operations,  support  and  evaluation. 

• Investment  Costs:  Facilities;  primary 

mission  equipment  (labor,  materials,  sustain- 
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ing  rate  tooling,  sustaining  engineering) ; 
unit  support;  maintenance  ground  equipment 
(MGE);  initial  supply  and  spares  inven- 
tories; initial  personnel  training,  travel  and 
transportation. 

• Operating  and  Support  Costs:  Initial  and 
replacement  spares ; on  and  off  equipment 
maintenance ; inventory  entry  and  supply  man- 
agement; support  equipment;  personnel  train- 
ing and  training  equipment;  management  and 
technical  data  and  new  facilities. 

Many  models  are  available  to  compute  oper- 
ating and  support  costs.  The  Air  Force  Logis- 
tics Command  Logistics  Support  Cost  Model 
is  used  here  to  illustrate  a comprehensive 
framework  for  support  cost  computation.  Each 
equation  is  basically  of  the  form: 
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There  are  a large  number  of  factors  included 
in  this  model.  Required  data  can  be  character- 
ized as  LRU-related  elements  (contractor  esti- 
mates), subsystem  elements  (contractor  esti- 
mates), program  elements  (Government  and 
contractor  estimates)  and  standard  cost  ele- 
ments (Government  furnished). 

Given  such  models,  the  validity  of  available 
data  and  the  applicability  of  test  results  ob- 
tained in  the  development  environment  become 
important  issues.  In  practical  cases  involving 
avionic  systems  the  equipment  related  elements 
that  drive  costs  are  field  reliability  and  neces- 
sary maintenance  actions  (mean  flying  time 
between  maintenance  actions),  LRU  unit  costs, 
required  maintenance  ground  equipment  and 
number  of  new  parts. 

Designing  to  an  Ownership  Cost 

To  achieve  a low  ownership  cost,  credible 
indications  of  high  support  cost  areas  must  be 
available  as  well  as  estimating  methods  to 
relate  development  and  acquisition  costs  to 
equipment  characteristics.  Related  field  per- 
formance information  and  available  trade-offs 
must  be  presented  in  a lucid  form  so  designers 
and  development  engineers  can  understand  the 
situation.  Cost  trade-offs  during  system  con- 
ceptual and  validation  phases  can  only  be  at  a 
gross  parametric  level.  The  most  significant 


support  costs  are  program  related  (basing, 
dispersal,  maintenance  posture,  operating  pro- 
gram), and  very  few  costs  can  be  design 
related  during  these  early  phases.  If  new  tech- 
nology is  required,  estimates  may  be  made  of 
new  facilities  and  new  types  of  training  re- 
quired, but  statements  about  spares  will  be 
only  approximate. 

Prototype  production  is  the  first  point  at 
which  accurate  system  level  logistics  and  sup- 
port cost  estimates  can  be  made.  Some  trade- 
offs, such  as  the  extent  of  test  equipment  versus 
maintenance  hours,  reliability  growth  program 
costs  versus  spares  requirements,  and  mainte- 
nance man-hours  per  flying  hour  versus 
transportation  and  inventory  cost  to  maintain 
spares  pipelines,  are  still  possible  at  this  point. 
While  some  redesign  is  possible,  its  cost  in- 
creases as  the  level  of  certainty  increases.  Once 
a basic  design  is  selected,  trade-off  analyses  are 
limited  to  changes  in  quality  of  parts,  inclusion 
of  redundancy,  control  of  production  tolerance 
and  reliability  goals  for  particular  parts  or 
components,  and  choice  of  production  methods. 
For  this  reason  it  is  important  that  initial  de- 
sign analyses  focus  on  estimated  high  produc- 
tion and  support  cost  elements  and  seek  alterna- 
tives to  reduce  them. 

Modifications  to  traditional  project  manage- 
ment and  engineering  review  procedures  are 
indicated.  Logistics  planning,  cost  analysis  and 
production  planning  typically  tend  to  occur 
apart  from  the  mainstream  design  process.  If 
costs  are  to  be  a real  consideration,  specialists 
should  be  present  throughout  the  design  stage 
and  at  design  reviews. 

Review  Process 

In  some  cases,  formation  of  a cost  of  owner- 
ship team  can  be  useful  to  participate  in  the 
on-going  design  and  development  process.  A 
team  may  include: 

• Value  Engineer  and  Team  Leader  to 
examine  the  overall  design  and  development 
process,  seek  out  high  cost  areas  and  coordinate 
the  efforts  of  other  specialists. 

• Production  Analyst  to  assess  the  manu- 
facturing and  fabrication  implications  of 
different  designs,  and  generate  production  in- 
formation from  which  costs  can  be  obtained. 

• Reliability  Engineer  to  derive  reliability 
estimates  of  system  components,  and  suggest 
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methods  of  attaining  reliability  goals. 

• Maintainability  Engineer  to  analyze  each 
design  for  ease  of  maintenance,  derive  repair 
times  and  repair  methods,  and  perform  BITE/ 
MGE  (Built  in  Test  Equipment/Maintenance 
Ground  Equipment)  trade-offs. 

• Procurement  Specialists  to  quote  parts 
and  component  prices  for  items  procured  from 
vendors. 

• Design  Engineer  to  assess  the  engineering 
feasibility,  at  the  circuit  and  component  level, 
of  changes  discussed  by  the  team. 

• System  Engineer  to  assess  design  progress 
and  potential  alternatives  in  light  of  the  overall 
system  performance  goals  and  major  functional 
interrelations. 

One  such  system  development  is  illustrated 
in  Figure  1.  General  performance  goals  are 
assigned  early  to  individual  LRUs.  Review 
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Figure  1 


points  occur  for  each  LRU  and,  to  ensure 
design  balance,  team  members  are  in  day  to 
day  contact  with  the  design  engineers.  The 
team  is  included  in  each  design  review.  Based 
on  knowledge  gained  through  contact  with  the 
designers,  and  through  the  use  of  simple  esti- 
mating tools,  the  team  possesses  estimates  of 
subsystem  and  component  performance,  reli- 
ability, maintainability,  producibility  and  asso- 
ciated costs.  It  then  can  determine  and  supply 
the  program  manager  with  information  on  the 
degree  to  which  various  LRU  goals  are  off 
initial  targets. 

Separate  from  the  individual  design  reviews, 
the  team  leader  continually  searches  out  areas 
of  high  fabrication,  test  and  support  cost.  As 
these  are  discovered,  system  and  design  engi- 
neers are  asked  to  generate  alternatives  to 
reduce  costs,  assess  whether  the  proposed 
changes  are  feasible  and  estimate  their  effect 
on  overall  performance. 


RDT&E  Cost  Estimates 

Early  RDT&E  cost  estimates  are  required 
for  this  process.  Unfortunately  such  cost  esti- 
mates have  been  incorrect  with  discouraging 
regularity.  Electronics  equipment  presents  a 
particular  problem  since  intense  technological 
advance  continues.  A modern  airborne  radar 
may  bear  no  more  relationship  to  the  airborne 
radar  of  a decade  ago  than  the  name. 

One  promising  RDT&E  cost  estimating 
approach  relates  costs  to  measurements  of  tech- 
nology advance  over  time.  The  technological 
advance  required  by  a given  equipment  is  esti- 
mated. Using  a trend  line  of  technology  advance 
developed  from  a data  base  of  roughly  similar 
equipments  over  time,  the  advance  sought  by 
the  new  project  and  the  development  time 
allotted  yield  a probability  of  success  and  an 
estimated  development  cost.  “A*”  in  Figure  2 
represents  technical  advance  sought  in  a pro- 
gram. Given  that  it  falls  outside  the  normal 
distribution  of  program  outcomes  (shaded 
area),  a prudent  program  manager  will  seek 
alternatives. 


TIME  AND  COST  ASSOCIATED  WITH  TECHNOLOGICAL  ADVANCE 
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Production  Cost  Information 

Fabrication  costs  can  be  reduced  if  design 
and  development  engineers  know  how  con- 
templated design  changes  will  affect  cost.  It 
may  be  possible  to  identify  production  methods 
which  both  improve  the  product  and  reduce 
production  cost.  Labor  is  the  principal  compo- 
nent of  development  and  production  cost,  and 
use  of  automation  versus  labor  (wiring  ma- 
chines, automatic  soldering,  conveyor  lines) 
may  be  profitable.  Other  avenues  of  investiga- 
tion should  include  increasing  reliability  by  use 
of  proven  components,  extended  test  and  check- 
out during  production,  and  planned  reliability 
growth  programs.  Support  cost  reductions  can 
be  sought  through  reduced  training  and  tech- 
nical data  costs,  reduced  new  item  entry  and 
management  costs,  and  sharing  AGE  (Auto- 
matic Ground  Equipment)  costs  by  extending 
the  capabilities  of  previously  proven  designs 
rather  than  designing  anew. 

Simple  to  use  prepared  forms  and  models 
which  can  be  run  close  to  the  engineer  to  evalu- 
ate such  design  changes  are  useful.  Examples 
include : 

• Cost  models  which  simply  aggregate  parts 
type  and  number  used  in  a circuit  or  equipment 
to  overall  cost.  This  requires  only  a standard 
parts  list  with  parts  cost  included  so  the  design 
engineer  checks  off  the  parts  and  numbers 
used  in  that  component. 

• Reliability  models  which  generate  overall 
equipment  failure  rates  given  individual  com- 
ponent failure  data.  The  engineer  checks  off 
the  components  he  is  using  and  one  of  several 
configurations.  Overall  failure  rates  are  then 
computed. 

• Fabrication  cost  models  which  compute 
costs  given  type  of  production  (weldment,  rivet- 
ing, built  up  assemblies,  etc.)  and  standard 
time,  material  and  methods  costs. 

Such  straightforward  models  can  be  pro- 
grammed on  a variety  of  desk  calculators  and 
sub-minicomputers  to  yield  information  in 
minutes  rather  than  days. 

Performing  Trade-offs 

The  contractor  must  determine  the  degree 
to  which  each  equipment  and  system  related 
variable  affects  cost  of  ownership — a sensi- 
tivity analysis.  This  allows  effort  to  be  allocated 
appropriately.  Equal  attention  need  not  be 


expended  on  all  cost  generating  variables  in 
a support  cost  model.  Only  those  characteristics 
that  generate  the  largest  costs  and  over  which 
the  contractor  has  control  should  be  carefully 
analyzed  to  find  alternatives.  Ownership  costs 
are  generally  quite  sensitive  to  reliability,  unit 
cost,  maintenance  concept  (not  mean  time  to 
repair),  number  of  new  parts  introduced,  main- 
tenance ground  equipment  requirements,  and 
support  policies  (depot  and  base  cycle  times). 

Trade-offs  with  Full  Cost  Factors 

Functions  such  as  spares  procurement,  man- 
agement, distribution,  technician  training  and 
maintenance  test  equipment  can  be  related  to 
ownership  of  specific  categories  of  equipment. 
But  very  significant  indirect  costs  are  also 
generated  by  military  systems.  These  costs 
include  some  portion  of  the  maintenance  base 
(depots,  shipyards,  repair  ships  and  tenders) ; 
the  training  establishment;  and  the  defense 
administrative  infrastructure  (data  process- 
ing and  communication  activities,  and  base  and 
headquarters  support  personnel  and  facilities). 

If  full  costs  of  systems  ownership  were 
available,  trade-offs  between  equipment  char- 
acteristics and  full  ownership  costs  would  indi- 
cate the  significant  resource  impacts  of  reliable 
and  supportable  equipment.  The  costs  depicted 
by  curve  I in  Figure  3 include  only  direct  and 
marginal  cost  elements  such  as  maintenance 
manpower  and  spares.  System  costs  do  not 
reflect  the  existence  of  such  facilities  as  depots 
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An  Appraisal 


Evaluating  Indirect  Costs 
Through  the  PIECOST  Approach 


P lECOST  (Probability  of  Incurring  Esti- 
mated  Cost)  represents  a quantitative  approach 
for  assessing  the  reasonableness  of  a defense 
contractor’s  planned  indirect  costs  necessary 
for  future  contract  performance.  It  is  currently 
being  applied  by  the  Department  of  Defense, 
with  the  Air  Force  serving  as  executive  agent 
and  program  monitor. 

In  April  1970,  the  TRW  Systems  Group  was 
selected  as  one  of  six  contractors  to  participate 
in  a Phase  I test  of  PIECOST.  In  the  TRW 
test  application,  it  was  observed  there  are  five 
considerations  of  critical  consequence  which 
can  affect  the  results  of  this  analysis,  and  each 
must  be  resolved  early  in  any  application  since 
it  can  influence  the  reliability  of  the  final 
conclusions. 

PIECOST  uses  straight  line  regression  analy- 
sis as  its  basic  statistical  component  to  deter- 
mine the  average  relationship  between  cate- 
gories of  indirect  cost  (Cost  Modes — the  de- 
pendent variables)  and  those  factors  that  in- 
fluence indirect  cost  incurrence  (Drivers — the 


independent  variables).  It  consists  of  12  sepa- 
rate linear  equations,  one  for  each  Cost  Mode, 
used  to  project  a future  year’s  indirect  cost. 
Figure  1 shows  an  example  of  regression  analy- 
sis as  used  in  PIECOST. 


REGRESSION  OR  TREND  ANALYSIS  AS  USED  FOR  PIECOST 


Figure  1 


by  Carmen  F.  Gullo  .Lyle  N.  Whiled 

Indirect  Cost  Planning  Specialist  Manager  of  Planning  & Rates 

Systems  Group  of  TRW,  Inc. 

Opinions  expressed  herein  are  those  of  the  outhors  and  not 
necessarily  those  of  the  Department  of  Defense 
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Indirect  Cost  Mode  Categories 

The  first  area  of  consideration  involves  in- 
direct cost  categories.  PIECOST  requires  that 
a company  summarize  its  indirect  costs  into 
12  categories  or  Cost  Modes  (Figure  2)  for 
purposes  of  analysis.  This  process  defines  spe- 
cifically the  indirect  costs  by  cost  account  to 
be  identified  in  each  Cost  Mode. 

Most  contractors  will  find  a conceptual  simi- 
larity between  PIECOST  Cost  Modes  and 
their  own  internal  categorization  of  cost 
accounts  for  internal  management  purposes. 
However,  differences  between  customer  and 
contractor  can  arise  in  the  resolution  of  a 
company’s  forward  pricing  proposal  when  a 
Government  agency  uses  the  specific  Cost  Modes 
prescribed  by  PIECOST  to  project  a firm’s 
indirect  costs,  while  the  contractor’s  own  inter- 
nal management  and  planning  process  uses 
different  cost  groupings.  Contractors  custo- 
marily use  the  same  classification  system  in 
indirect  cost  proposals  as  in  their  budgeting, 
administrative  control  and  collection  of  costs. 

This  concern  can  best  be  resolved  through 
the  use  of  the  contractor’s  cost  categories  when 
they  are  as  reasonable  and  meaningful  as  the 
PIECOST  Cost  Modes.  Allowing  the  contractor 
to  use  his  cost  groupings  for  planning,  budget- 
ing, reporting  and  controlling  indirect  costs 
seems  to  be  most  cost  effective  and  eliminates 


the  necessity  for  the  contractor  to  revise  his 
internal  systems  or  to  continually  develop 
reconciling  data  between  the  two  different 
cost  groupings. 

A standardized  modal  system,  if  used  by  all 
contractors,  would  not  permit  an  across  the 
board  contractor  comparison  of  indirect  costs 
with  negotiated  overhead  rates.  Such  a com- 
parison would  be  misleading  since  there  are 
fundamental  product  mix  differences  among 
contractors,  and  contractor  charging  practices 
vary  greatly.  A uniform  Cost  Mode  system  is 
insufficient  in  itself  to  give  meaningful  com- 
parisons of  various  contractors’  indirect  costs. 

The  usefulness  of  PIECOST  as  one  tool  for 
evaluation  of  projected  costs  would  not  be 
undermined  by  adoption  of  the  contractor’s 
cost  account  classification  system,  but  would 
allow  for  an  active  communication  between 
customer  and  contractor  in  the  analysis  of 
costs.  Tailoring  the  Cost  Modes  to  the  classifi- 
cation structure  of  the  individual  contractor 
would  eliminate  a reduction  process  of  the 
firm’s  management  to  a new  set  of  cost  relation- 
ships and  would  remove  any  requirement  for 
the  contractor  to  physically  realign  his  internal 
accounting,  budgeting  and  reporting  system 
to  be  consistent  with  specific  PIECOST  Cost 
Modes. 


Cost  Mode, 

Cost  Mode 

(Dependent  Variable) 

Driver  and  Index  of  Determination 

Driver 

(Independent  Variable) 

Index  of 
Determination 
(Percent) 

Indirect  Labor 

Indirect  Labor  Hours 

.99 

Employee  Benefits 

Total  Labor  Dollars 

.98 

Payroll  Taxes 

Total  Labor  Dollars 

.99 

Employment 

New  Hires 

.99 

Communication/Travel 

Office/Clerical 

.99 

Production  Related 

Direct  Labor  Hours 

.92 

Facilities — Buildings 

Square  Feet 

.98 

Facilities — Equipment 

Square  Feet 

.98 

Administrative 

Sales  Dollars 

.99 

Future  Business 

Next  Year’s  Sales  Dollars 

.86 

Other  Miscellaneous 

Sales  Dollars 

.81 

Credits 

(Not  Regressed) 

Figure  2 
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EFFECTS  OF  DEFLATOR  SELECTION 


$ ACTUAL  DATA 


DEFLATOR  1 


Deflated 

Proiection 


1972 


1 $6.0  M 

2 $9.0  M 


Projection 

Price 

Deflator* 

150.0% 

150.0% 


Current 

Dollar 

Projection 

$ 9.0  M 
$ 13.5  M 


Price  Deflators  are  u^d  to  inflate  projected  indirect 
costs,  which  are  in  constant  dollars. 


Figure  3 


Development  of  Price  Deflators 

Through  the  use  of  price  deflators  ^ in  the 
PIECOST  process,  the  effects  of  yearly  infla- 
tion on  cost  data  are  eliminated.  While  it  is 
important  to  focus  on  these  effects,  there  is  an 
area  of  concern  in  the  development  of  price 
deflators. 

It  is  important  to  recognize  that  indices  used 
to  deflate  historical  data  can  greatly  affect  the 
regression  analysis  projection  by  changing  the 
slope  of  the  regression  line,  thereby  seriously 
affecting  the  final  outcome  of  the  regression 
analysis  (Figure  3).  With  a reasonable  amount 
of  research,  price  deflators  can  be  approximated 
to  deflate  a firm’s  historical  data  for  most 
of  the  Cost  Modes  and  Drivers  expressed  in 
dollars. 

‘ A 'price  deflator  is  an  index  number  used  to  equate 
all  costs  to  a base  year,  e.g.,  100%  = 1965.  This  com- 
pensates for  the  effect  of  inflation  over  a time  period 
and  permits  a separate  examination  and  evaluation  of 
the  forecasted  inflation.  With  PIECOST,  deflators  are 
applied  to  historical  data,  the  Cost  Modes  and  the 
Drivers.  The  deflated  cost  data  is  then  used  in  the 
regression  equations.  In  a prospective  sense,  the  defla- 
tors (index  numbers)  are  used  to  inflate  the  projected 
indirect  costs,  which  have  been  forecasted  in  constant 
dollars.  These  reinflated  projected  indirect  costs  are 
then  used  by  Government  representatives  to  evaluate 
the  contractor’s  planned  indirect  costs  which  support 
his  forward  pricing  rates. 


The  formulation  of  deflators  for  future  years, 
to  satisfy  the  reinflation  process  in  PIECOST, 
is  more  difficult  since  the  future  rate  of  in- 
flation in  the  economy  must  be  considered. 
Some  questions  to  be  answered  are:  How  will 
union  negotiated  wage  and  benefit  settlements 
impact  a firm’s  costs?  What  price  will  aero- 
space skills  demand  in  the  marketplace  that 
will  exist?  Management  can  influence  the  rate 
of  inflation  in  a firm  within  some  limits,  but 
exogenous  factors  are  also  at  work. 

It  is  in  this  uncertain  environment  that  for- 
ward price  deflators  must  be  developed  for 
the  PIECOST  process.  If  projected  deflators 
are  understated,  the  projected  overhead  costs 
that  are  reinflated  to  current  dollars  will  be 
too  low;  thus  transforming  the  Cost  Mode 
projections  into  forward  pricing  rates  will  pro- 
duce lower  rates  than  are  actually  attainable. 

A second  order  question,  related  to  the  devel- 
opment of  deflators,  concerns  the  determination 
of  those  changes  in  costs  which  are  not  due  to 
cost  inflation.  This  question  is  of  particular 
concern  when  regional  or  national  deflators  are 
used.  For  example,  the  rate  which  a company 
pays  for  medical  insurance  is  subject  to  change 
for  a number  of  reasons,  including: 

• Claims  experience. 
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• Demographic  nature  of  the  personnel 
covered. 

• Coverage  provided  by  the  insurance  plan. 

Selection  of  Drivers 

The  identification  of  Drivers  (independent 
variables)  is  the  third  area  of  PIECOST  which 
requires  careful  consideration.  Drivers  are  fac- 
tors that  infiuence  the  incurrence  of  overhead 
costs  and  their  use  brings  a dimension  to  the 
development  and  evaluation  of  overhead  pro- 
posals that  is  sometimes  lacking.  In  its  use  of 
Drivers,  PIECOST  focuses  attention  of  evalu- 
ators on  sets  of  statistical  relationships  for 
appraisal  of  proposed  overhead  expenditures. 
Many  firms  and  Government  agencies,  such  as 
the  Defense  Contract  Audit  Agency,  have  used 
this  type  of  analysis  in  indirect  cost  evaluation. 

In  selecting  Drivers  to  be  matched  with  each 
Cost  Mode,  PIECOST  uses  the  Index  of  Deter- 
mination (RO  as  the  statistical  measure  of 
correlation.  The  closer  is  to  100  percent,  the 
closer  the  Driver  refiects  the  historical  fluctua- 
tions in  the  Cost  Mode.  However,  in  addition 
to  having  a high  index  of  correlation,  the 
Driver  chosen  should  have  a valid  and  logical 
relationship  to  fluctuations  of  the  Cost  Mode. 
For  example,  in  a test  case,  pairing  the  Driver 
(DOD  expenditures)  with  the  Cost  Mode 
(indirect  labor)  resulted  in  99-percent  index 
of  determination.  Although  there  is  a high  R^ 
and  statistically  this  Driver  would  have  worked 
well  in  the  past,  it  does  not  reveal  how  it  will 
work  in  the  future,  and  it  is  doubtful  that  it 
affords  a sound  basis  for  projecting  future 
years’  indirect  labor  costs  or  explaining  satis- 
factory prior  year  incurred  costs.  Judgment 
and  an  understanding  of  future  causal  relation- 
ships must  play  an  important  part  in  the  selec- 
tion of  a Driver. 

In  the  initial  PIECOST  research,  over  400 
Drivers  were  reviewed  in  search  of  those  fac- 
tors that  influence  indirect  cost  incurrence. 
Currently,  as  with  the  original  PIECOST  re- 
search, only  one  Driver  is  used  in  the  analysis 
and  projection  of  any  one  Cost  Mode.  During 
the  Phase  I review  of  PIECOST,  both  the 
Government  agencies  and  the  TRW  Systems 
Group  were  able  to  demonstrate  that  more 
than  one  Driver  could  be  selected  for  use.  Each 
was  statistically  valid  and  logically  sound,  yet 
grossly  different  results  were  achieved.  One 


Driver  seems  to  be  insufficient  to  adequately 
pinpoint  an  area  of  indirect  cost  incurrence, 
thus  reliance  on  one  Driver  relinquishes  the 
evaluative  responsibility  to  a single  statistical 
approach. 

Regression  Analysis 

Use  of  the  regression  equation  in  PIECOST 
is  the  fourth  area  of  critical  study.  Regression 
analysis  as  a statistical  measuring,  sampling 
and  forecasting  device  is  an  obvious  asset  to 
the  analysis  of  cost  trends  as  it  gives  a more 
favorable  arena  for  the  exposure  of  cost 
anomalies.  However,  the  use  of  the  regression 
equation  must  be  tempered  by  judgment  in  its 
ultimate  application  and  recognition  of  the 
shortcomings  inherent  in  this  statistical  esti- 
mating technique.  The  regression  approach  is 
useful  for  projecting  an  approximate  area  in 
which  an  expected  value  will  probably  occur. 
Integral  to  every  regression  projection  is  the 
implied  assumption  that  a probability  of  the 
actual  value  will  be  plus  or  minus  from  the 
mean  calculated  dependent  value.  This  proba- 
bility expressed  as  a confidence  interval,  or 
band  of  values  on  each  side  of  the  mean  fore- 
casted value,  should  be  used  to  bracket  the  area 
in  which  the  projected  expenditure  should  be 
expected  to  occur  (Figure  4). 

The  objective  which  the  PIECOST  process 
can  satisfy  is  to  identify  the  cost  area  in  which 
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Government  negotiators  should  find  the  con- 
tractor’s overhead  cost  projection. 

The  regression  estimate  should  be  another 
yardstick  to  be  used  in  the  evaluator’s  detailed 
review  of  the  overhead  proposal.  This  fact 
becomes  more  apparent  when  the  following 
shortcomings  inherent  in  regression/trend 
analysis  are  explored: 

• Regression  analysis  gives  equal  weighting 
to  all  historical  data  points.  The  most  recent 
year’s  cost  experience  is  weighted  as  equally 
as  are  costs  incurred  in  the  distant  past. 
Actually  there  are  many  things  difficult  to 
measure  or  only  broadly  measurable  in  mathe- 
matical terms.  Management  emphasis  changes. 
The  dynamics  of  the  business  climate  and  its 
pressure  cause  change.  Quality  improvement, 
economies  in  operation,  interpretation  of  a 
corporation’s  policies  in  a more  stringent 
manner,  and  learning  improvements  cause  cost 
patterns  to  change.  Government  regulatory 
changes  can  impose  additional  costs  on  a firm. 
With  these  dynamics  in  the  cost  environment 
that  are  not  tied  to  inflation  and  not  capable 
of  precise  measurement,  it  can  be  seen  that  a 
regression  projection  should  only  be  used  to 
determine  the  most  likely  area  of  cost  incur- 
rence. The  cost  patterns  a company  achieves  in 
the  most  recent  time  periods  (one,  two  or  three 
years)  are  more  salient  in  a planning  sense  than 
cost  experience  from  an  earlier  period.  The 
earlier  periods,  of  course,  should  not  be  dis- 
counted, but  management  must  maintain  a 
prospective  view  in  cost  planning.  Management 
direction  determines  in  which  areas  funds 
should  be  allocated  and  this  sometimes  causes 
change  in  cost  patterns.  A weighting  technique 
appears  to  be  appropriate.  Yet,  in  determining 
the  proper  weighting,  another  value  judgment 
is  injected  into  the  statistical  process.  It  be- 
comes apparent  that  the  strengths  in  PIECOST 
are  in  its  application  as  an  analytical  tool  to 
gauge  the  relevance  of  a contractor’s  overhead 
proposal  and  not  as  a method  of  pinpointing  an 
exact  Cost  Mode  value. 

• There  are  limitations  to  the  use  of  the 
calculated  mean  value  from  the  regression  esti- 
mate to  negotiate  a forward  pricing  agreement. 
To  expect  to  negotiate  an  exact  point  value  pro- 
jected from  a trend  line  which  represents  an 
average  of  past  performance  is  not  appropriate. 
The  overhead  proposal  which  is  developed 


through  a detailed  planning  process  and  pre- 
sented to  a Government  agency  for  evaluation 
will,  at  best,  have  cost  projections  by  cost 
category  that  approximate  previous  regression 
trends,  but  most  certainly  these  costs  will  not 
equate  exactly  to  the  mean  value  projected  by 
PIECOST.  Pure  chance  or  a forced  estimate 
would  be  the  only  reasons  why  a company’s 
internal  planning  would  yield  a projection  by 
cost  category  or  Cost  Mode  that  exactly 
matched  the  mean  projected  value.  In  fore- 
casting costs,  a company  should  not  relinquish 
a good  internal  planning  procedure  or  let  it 
be  subservient  to  a statistical  process  that  can 
only  test  the  reasonableness  of  a company’s 
current  planning  process  in  relation  to  adjusted 
or  unadjusted  historical  trends.  The  process  of 
adjustment  of  historical  data,  of  course,  opens 
up  a new  series  of  concerns  and  considerations. 

• Currently,  the  PIECOST  process  uses  only 
straight  line  regression.  Curvilinear  and  multi- 
ple regression  can  assist  in  more  closely  focus- 
ing on  changing  cost  patterns.  Research  per- 
formed by  TRW  Systems  during  the  Phase  I 
PIECOST  review  has  shown  that  curvilinear 
analysis  can  allow  for  a closer  approximation 
of  projected  cost  patterns,  and  a smaller  con- 
fidence interval  tolerance  can  be  calculated. 
Even  the  adoption  of  this  refinement,  however, 
will  not  overcome  the  basic  weakness  of  relying 
on  single  point  estimates. 

For  the  foregoing  reasons,  regression  analy- 
sis fulfills  its  correct  function  when  it  is  used 
as  a gauge  or  guide  in  the  evaluation  process. 
Air  Force  evaluators  are  aware  of  some  of 
these  regression  concerns.  They  are  appraising 
the  use  of  confidence  intervals  and  are  con- 
sidering other  forms  of  regression,  such  as 
multiple  and  dynamic  regressions,^  to  improve 
the  actual  usefulness  of  this  statistical  model- 
ing device. 

Contractor  Familiarization 

The  final  area  of  concern  which  should  be 
addressed  prior  to  applying  PIECOST  relates 
to  the  need  for  complete  contractor  understand- 
ing of  the  process.  In  this  regard,  a two-week 
PIECOST  training  course  has  been  established 
by  the  Air  Force  at  Lowry  AFB,  Colo.,  to 


* Form  of  regression  using  exponential  smoothing  be- 
ing developed  by  Air  Force  Academy  PIECOST  team. 
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instruct  Government  personnel  in  the  imple- 
mentation of  the  process.  Also,  computer 
systems  to  handle  contractor  cost  data  and 
perform  statistical  analysis  have  been  devel- 
oped, Although  the  Air  Force,  as  executive 
agent  in  this  process,  has  been  active  in 
presenting  abbreviated  contractor  seminars, 
workshops  and  briefings,  there  is  a need  for 
contractor  personnel  to  attend  the  two-week 
training  course  and  be  given  access  to  the  cur- 
rently developed  computer  systems.  Contractor 
attendance  at  the  training  course  would  pro- 
vide a deeper  understanding  of  the  PIECOST 
principles  and  facilitate  increased  communica- 
tions between  the  customer  and  contractor,  and 
access  to  the  software  computer  routines  that 
are  presently  available  would  serve  to  minimize 
duplication  of  contractor  programming  effort. 

Conclusions 

PIECOST  can  be  a useful  analytical  tool  for 
developing  a determinate  model  of  a contractor. 
The  use  of  mathematical  models  as  an  aid  in 
performing  the  planning  and  control  functions 
is  desirable,  although  limitations  of  such  models 
should  be  recognized.  As  with  any  model,  the 
conclusions  drawn  are  as  good  as  the  original 
assumptions. 

It  can  be  concluded  from  the  foregoing  that 
the  PIECOST  process  requires  careful  imple- 
mentation if  it  is  to  attain  its  objective.  The 
cost  projections  generated  by  PIECOST  can 
fill  a need  which  has  existed  to  assist  Govern- 
ment representatives  who  must  evaluate  the 
reasonableness  and  accuracy  of  a contractor’s 
planned  costs.  With  the  use  of  the  PIECOST 


modeling  technique,  the  Government  evaluator, 
either  on  his  own  or  in  cooperation  with  the 
contractor,  can  generate  an  independent  cost 
projection  based  on  the  contractor’s  past  per- 
formance. If  the  contractor’s  planned  costs  are 
within  the  confidence  interval  of  the  projected 
costs,  the  evaluator  has  increased  certitude 
with  regard  to  their  correctness.  If  they  fall 
outside  of  this  confidence  interval,  he  has  a 
basis  for  requesting  a detailed  explanation, 
PIECOST  is  not  a replacement  for  the 
analytical  activities  currently  performed  by 
Defense  Contract  Administration  Services  and 
Defense  Contract  Audit  Agency  personnel  in 
their  review  and  evaluation  of  a contractor’s 
forward  pricing  rate  proposal.  However,  it 
should  shorten  the  required  time  by  providing 
a means  for  highlighting  those  Cost  Modes 
which  show  a changing  level  of  incurrence. 
Maximum  attention  can  thus  be  directed 
immediately  to  the  Cost  Modes  to  be  questioned. 
The  contractor  could  find  PIECOST  useful 
in  much  the  same  manner,  since  it  develops  an 
independent  cost  projection  which  can  be  used 
to  assess  the  results  of  internal  planning  and 
to  calibrate  the  cost  effect  of  future  changes. 
PIECOST,  while  not  a substitute  for  projected 
costs  developed  by  a contractor’s  planning  sys- 
tem, can  serve  as  a yardstick  for  measuring 
change  and  its  effect  on  cost.  It  may  also  serve 
as  a basis  for  evaluating  the  adequacy  of  the 
planning  system  and  for  determining  areas  of 
possible  weakness.  Improvements  to  the  plan- 
ning system  can  then  be  made  which  will 
strengthen  these  areas  and  improve  the  quality 
of  future  plans.  □ 


It  is  a tie  between  men  to  have 
read  the  same  book. 

— Ralph  Waldo  Emerson 
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NAVMAT  Goal 


Happiness  Is  Quality 
and  Cost  Effectiveness 


If  any  large  enterprise  is  to  have  some 
assurance  of  success,  the  actions  of  its  com- 
ponents must  reflect  adherence  to  a central 
objective  or  goal.  For  the  Naval  Material  Com- 
mand (NAVMAT)  that  goal  is  more  efficient 
support  of  the  Fleet. 

Each  member  of  the  NAVMAT,  from  its 
top  commanders  to  its  most  remotely  situated 
employees,  must  work  toward  that  goal,  if  we 
are  to  do  the  job  of  supporting,  building,  main- 
taining and  replenishing  the  Fleet.  Yet,  no 
matter  how  dedicated,  the  people  of  the  Naval 
Material  Command  and  of  the  Department  of 
Defense  as  a whole  cannot  do  the  job  by  them- 
selves. They  must  act  in  partnership  with 
the  defense  industry  and,  to  some  extent,  the 
defense  industry  must  share  their  goal. 

During  the  Spanish-American  War,  Colonel 
Theodore  Roosevelt  is  reported  to  have  sent 
word  from  Cuba  that,  “There  is  enough  glory 
for  all  in  this  business  of  ours.”  To  fit  our 
present  situation,  that  sentiment  could  be 
amended  to  say,  “There  is  enough  burden  for 
all  in  this  business  of  ours.”  Certainly  there  is 
some  basis  for  industry’s  criticism  of  the  mili- 
tary’s way  of  doing  business.  At  the  same  time. 


by  Admiral  I.  C.  Kidd  Jr.,  USN 
Chief  of  Naval  Material 


DOD  managers  are  sometimes  justified  in  their 
complaints  regarding  industrial  shortcomings. 
All  of  us  have  made  mistakes  in  the  past 
and  are  likely  to  make  errors  in  the  future. 
However,  the  key  to  success  in  the  future  is 
that  DOD  and  industry  must  work  as  a team. 
We  must  unite  to  work  together  for  the  best 
interest  of  our  Nation. 

Basic  Areas  of  Concern 

In  this  regard  there  are  five  basic  areas  which 
we  should  consider  together.  The  first  of  these 
is  the  improvement  of  our  credibility  before 
the  public  and  our  credibility  before  Congress. 
Credibility  can  be  achieved  principally  through 
the  exercise  of  collective  conservatism — con- 
servatism in  our  estimates,  conservatism  in  our 
agreements  with  each  other,  conservatism  in 
resisting  “gold-plating,”  and  conservatism  in 
promises  of  performance,  price  and  delivery 
schedules.  If  we  can  progress  to  the  point  of 
fulfilling  these  conditions,  we  shall  establish 
credibility  not  only  with  the  public  and  Con- 
gress but  also,  incidentally,  with  each  other. 
As  a consequence  of  an  aura  of  conservatism 
and  thus  credibility,  we  will  find  a greater 
willingness  within  the  Congress  to  provide  the 
necessary  dollars  to  buy  what  we  need  to  do 
our  job  for  the  taxpayers. 
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A second  area  to  be  considered  is  the  com- 
petition we  face.  We  must  not  allow  ourselves 
to  underestimate  its  strength.  A few  months 
ago  a leading  periodical  told  us,  . . The  U.S. 
has  a much  younger  and  larger  surface  fleet — 
one  and  a half  times  the  size  of  the  Soviet 
Fleet.  . . .”  As  one  who  has  been  in  a position 
to  see  so  much  of  the  Soviet  fleet,  seven  days 
a week,  my  only  comment  on  such  a remark 
would  be,  I wish  it  were  true.  The  U.S.  Navy 
was  disparaged  in  somewhat  the  same  way  at 
one  time.  In  a newspaper  headline  it  was 
described  as  a “company  of  ill-trained  convicts 
and  bastards  sailing  under  a bit  of  red  bunting 
in  archaic  ships  of  the  day.”  That  headline 
appeared  in  the  London  Times  in  1812.  Of 
course,  we  won  that  war. 

A third  area  is  the  potential  of  foreign 
industry.  Several  months  ago  the  Naval  Mate- 
rial Command  hosted  the  first  International 
Conference  of  Directors  and  Chiefs  of  Naval 
Material.  Held  at  the  U.S,  Naval  Academy, 
the  atmosphere  for  this  first  meeting  was  both 
cordial  and  optimistic,  and  plans  were  laid  for 
more  such  meetings.  It  was  a pleasure  to  note 
that  the  outlook  of  the  foreign  participants  was 
one  of  mutual  cooperation.  This  is  the  type  of 
teamwork  we  must  cultivate,  and  it  is  reward- 
ing to  see  our  allies  moving  in  this  direction. 
Both  U.S.  military  and  industrial  communities 
must  make  an  effort  to  assess  the  capabilities 
of  foreign  industry  in  similar  fields.  There  are 
many  foreign  developments  that  could  prove 
most  helpful  to  U.S,  programs.  STOL/VTOL 
aircraft  and  surface  effect  ships  are  examples 
of  two  fields  of  technology  with  dynamic 
futures  in  which  other  nations  are  at  least 
equal  to,  if  not  superior  to,  U.S.  state  of  the  art. 

Battle  of  Red  Tape 

The  fourth  consideration  concerns  two  basic 
problems  in  the  production  area  which  we  must 
conquer  if  we  are  to  consistently  accomplish 
satisfactory  results.  First  we  must  wage  a real 
battle  against  Government  red  tape.  A single 
example  will  illustrate  the  point. 

In  the  Mark  48  Torpedo  Project  an  urgent 
need  developed  for  a modification  kit.  The 
requirement  was  given  a top  priority  designa- 
tion but  then  this  priority  request  was  placed 
in  our  standard  operating  system.  The  result 
can  be  guessed.  It  took  four  months  on  an 


Observing  Soviet  ships  in  Mediterranean. 


Admiral  Kidd  meets  with  French  Oceanographer  Jacques 
Cousteau  at  First  International  Conference  of  Directors 
and  Chiefs  of  Naval  Material. 


Artist’s  concept  of  surface  effect  ship. 


expedited  “rush”  basis  to  get  from  a procure- 
ment request  to  a letter  contract.  During  that 
time  the  request  was  subjected  to  at  least  150 
control,  review  and  approval  points  within 
74  organizational  elements  at  eight  different 
management  levels. 

Somehow,  someway,  we  simply  must  do 
better  than  that.  Proper  control  is  essential. 
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but  surely  there  is  no  absolute  necessity  for 
150  checks  on  a single  request  for  a letter  con- 
tract, all  before  the  contract  is  signed.  When 
the  number  of  checks  made  after  award  of  the 
contract  is  added,  the  mind  boggles. 

Complex  Design  in  Equipment 

Another  production  related  problem  is  the 
complexity  we  are  designing  into  our  equipment. 
We  must  come  down  from  the  clouds  in  pro- 
ducing gear  for  the  Fleet.  It  is  a favorite  alibi 
these  days  that  the  breakdown  of  equipment 
is  attributable  to  incapable  operators.  However, 
let  us  face  the  facts.  Rhodes  scholars  and  PhDs 
do  not  often  enlist  in  the  Navy.  Most  young 
men  sign  up  to  secure  technical  training  and 
not  to  exploit  what  they  have  already  learned 
in  civilian  life. 

The  Soviets  apparently  understand  and  accept 
this  state  of  affairs.  The  unit  type  of  equip- 
ment they  have  been  able  to  build  appears  to 
be  tamper-proof.  We  must  be  able  to  do  the 
same  thing.  If  we,  industry  and  the  Navy  in 
partnership,  can  no  longer  produce  gear  that 
is  reliable  to  the  point  where  the  average 
“blue  jacket,”  airman,  or  soldier  of  today  can 
maintain  and  operate  it,  then  we  are  all  in  the 
wrong  profession. 

Innovation  Needed 

The  final  area  which  must  be  mentioned  here 
for  mutual  consideration  is  innovation.  The  old 
ways  of  doing  things  are  no  longer  good  enough 
to  meet  the  current  budgeting  and  technical 
stresses  placed  upon  us.  We  must  seek  out  and 
implement  new  ways  that  will  provide  us  with 
the  efficiency  and  economy  we  need.  We  cannot 
be  content  with  looking  inward  at  our  own 
organization  for  the  evolution  of  new  ideas. 
We  must  examine  the  accomplishments  of 
others,  even  in  seemingly  unrelated  fields,  and 
seek  to  form  them  to  our  own  advantage. 

As  an  example,  favorable  reports  from  the 
Rockwell  International  organization  indicate 
that  it  has  been  able  to  reduce  overall  cost 
by  applying  various  cost  cutting  techniques 
common  to  the  automotive  industry.  If  this 
move  is  practicable  and  can  be  applied  to 
weapon  systems  procurement,  it  may  represent 
considerable  opportunity. 


CURV  III 

There  is  no  doubt  that  innovations  can  also 
come  from  within  Navy  internal  organizations. 
Several  of  our  present  projects  justify  such 
optimism.  An  example  that  comes  immediately 
to  mind  is  the  Cable-Controlled  Unmanned 
Recovery  Vehicle  (CURV  III). 

CURV  III  is  an  advanced  development  proj- 
ect that  progressed  immediately  into  service 
use.  Begun  in  FY  1968,  this  system  extends  our 
search  and  recovery  capability  to  a depth  of 
7,000  feet  in  the  sea.  Development  and  evalua- 
tion testing  was  programmed  for  completion 
by  July  1,  1970,  within  a cost  of  $4  million. 
The  program  was  completed  within  schedule 
and  cost  targets  and,  during  tests  in  1970, 
demonstrated  that  it  had  met  its  requirements. 
Equipped  with  sonars  and  television  cameras 
and  highly  maneuverable  near  the  ocean  floor 
at  designed  depths,  it  has  almost  unlimited 
endurance  since  its  required  power  is  trans- 
mitted by  cable  from  the  tending  ship. 

While  CURV  III  was  undergoing  test  and 
evaluation  operations  off  the  Southern  Cali- 
fornia coast  in  early  1970,  an  emergency  re- 
quest was  received  from  NASA  by  the  Naval 
Undersea  Center,  San  Diego,  asking  that  the 
Navy  attempt  recovery  of  a rocket  launched 
instrument  package  on  the  ocean  floor  about 
100  miles  east  of  Wallops  Island,  Va.  It  was 
decided  to  meet  NASA’s  request  by  continuing 
the  test  and  evaluation  operations  of  the  sys- 
tem in  a search  and  recovery  of  the  rocket 
package. 

CURV  III  was  flown  to  Virginia  and  deployed 
at  sea  to  attempt  recovery.  Despite  the  fact 
that  its  acoustic  pinger  had  already  expired, 
the  instrument  package  was  detected  by 
CURV’s  active  acoustic  equipment,  identified 
by  its  television  system,  and  then  recovered, 
thereby  preserving  stored  data  pertaining  to 
solar  eclipse  measurements.  Detection  and  re- 
covery were  accomplished  in  5,800  feet  of  water 
and  achieved  prior  to  the  July  1,  1970,  date 
for  completion  of  system  development  and  test. 

An  interesting  aspect  of  this  project  was  the 
fact  that  most  of  the  system  hardware  was 
developed  in-house  at  the  Naval  Undersea 
Center,  San  Diego,  with  contractor  assistance 
where  economically  advantageous.  Further- 
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more,  all  the  specifications  for  performance  and 
the  standards  for  form,  fit  and  function  were 
developed  within  the  Naval  Ordnance  Systems 
Command. 

Harpoon  Program 

Another  example  that  could  be  cited  is  the 
Harpoon  Program  which  is  now  in  the  engi- 
neering design  phase  and  approaching  the  sys- 
tems development  phase.  Initiated  in  late  1967 
to  satisfy  the  first  specific  operational  require- 
ment for  an  air/ship  launched  anti-ship  missile, 
the  project  is  a cost  effective  program.  Orderly 
development,  which  was  of  paramount  impor- 
tance in  establishing  a framework  for  the  pro- 
gram, was  to  be  accomplished  in  four  phases: 
validation,  design,  weapon  systems  develop- 
ment, and  operational  deployment.  The  use  of 
phases  in  system  acquisitions  permits  decisions 
regarding  future  work  to  be  made  as  late  as 
possible  and  requires  the  resolution  of  risk 
areas  and  the  completion  of  milestones  prior  to 
commitment  of  funds  for  work  to  be  accom- 
plished in  the  next  phase. 

The  program,  with  incurred  costs  about  4 
percent  less  than  the  contractor’s  baseline 
budget,  utilizes  incentive  contracts,  effective 
management  tools,  a predetermined  work 
breakdown  structure,  and  independent  cost  esti- 
mates to  assure  accomplishment  of  development 
objectives. 

On  this  project,  contractors  responding  to 
a Request  for  Quotations  were  required  to 
submit  quotations  in  accordance  with  a given 
work  breakdown  structure  on  a line  item  basis. 
This  permitted  a direct  comparison  of  each 
offeror’s  quotation  with  each  other  at  the  fourth 
level  of  the  work  breakdown  structure,  and 
with  an  independent  estimate.  The  contracts 
were  awarded  on  the  basis  of  cost  and  tech- 


nical considerations  defined  within  work  break- 
down structure  elements. 

Monthly  cost  and  technical  performance 
reports  were  required  from  the  contractors 
and  laboratories.  These  reports  are  a disclosure 
by  elements  in  the  work  breakdown  structure 
of  technical  progress  and  of  the  dollars  and 
hours  expended  by  labor  category.  They  pro- 
vide an  analysis  of  variance  from  the  budgeted 
and  scheduled  work  rates  and  hours.  This  gives 
in-depth  visibility  and  allows  one  to  trace  the 
program’s  progress.  The  program  baseline  is 
updated  as  a result  of  continuous  Government 
review  of  contractor  and  laboratory  perform- 
ance. The  continuing  baseline  update  and  trend 
analysis,  besides  being  cost  effective,  are  valu- 
able tools  to  use  in  negotiating  changes,  moni- 
toring technical/cost/schedule  performance, 
and  identifying  problem  areas. 

Proving  the  technology,  being  hardware- 
oriented,  requiring  milestones  to  be  met  before 
the  next  phase  begins  or  funds  committed,  and 
constant  detailed  monitoring  of  the  contractor’s 
progress  all  combine  to  make  Harpoon  a sound 
program.  Both  Government  personnel  and  the 
contractors  involved  recognize  the  importance 
of  teamwork  and  the  principle  of  program 
management.  Specialists  in  design,  technology, 
cost  analysis,  logistic  support,  contracting  and 
management  work  cooperatively  to  promote 
cost  effectiveness. 

These  examples  demonstrate  what  we  can, 
and  sometimes  do,  accomplish.  The  question  is, 
how  can  we  secure  such  results  more  often? 
Budget  constraints  require  that  the  innovative 
momentum  demonstrated  so  far  must  be  accel- 
erated with  conscientious  effort  by  all  con- 
cerned to  produce  reliable  and  cost  effective 
defense  systems.  The  economy  and  security  of 
the  Nation  demand  it.  □ 


Model  of  the  Harpoon,  an  air/ship  launched  anti-ship  missile. 
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Navy  Engaged  in  Concentrated 
Effort  To  Standardize 
Tactical  Digital  Systems 


There  are  many  reasons  for  the  establish- 
ment  of  a standard  item  of  military  equipment. 
Typical  advantages  are  in  the  areas  of  reducing 
the  varieties  of  spare  parts  to  be  stocked,  with 
resultant  reductions  in  inventory  and  procure- 
ment costs;  reducing  the  time  required  to 
train  systems  operators  and,  correspondingly, 
reducing  training  costs  and  equipment  mainte- 
nance facilities  in  terms  of  equipment  and 
personnel. 

These  standardization  advantages  are  true 
of  almost  any  item  of  military  equipment,  but 
are  of  particular  significance  to  the  Navy  for 
reasons  peculiar  to  it  alone.  Ships  are  extremely 
expensive  items  to  build  and  traditionally,  re- 
gardless of  the  original  design  function,  they 
have  become  multi-purpose  in  the  nature  of 
missions  assigned.  This  multi-purpose  nature 
coupled  with  high  replacement  costs  has  re- 
sulted in  long  platform  life.  Since  it  can  be 
expected  that  any  new  ship  entering  the  Fleet 
will  be  in  service  for  at  least  25  years,  life 


Rear  Adm.  J.  E.  Rice,  USN 
Director,  Tactical  Digital  Systems  Office 
Naval  Material  Command 


cycle  maintenance  costs  become  very  impor- 
tant items.  Standardized  system  components 
are  a major  factor  in  keeping  down  life  cycle 
costs. 

Another  Navy  peculiar  situation  is  the  long 
time  between  the  installation  of  a system  on 
a ship  and  the  replacement  or  upgrading  of 
that  installation.  This  system  installation  cycle 
may  easily  be  four  to  five  years,  which  again 
highlights  the  gains  in  reduced  inventory  and 
maintenance  costs  that  can  be  achieved  through 
standardization. 

Finally,  ships  by  their  very  nature  will  be 
operating  at  sea  for  long  periods  of  time  with- 
out having  the  daily  ability  to  “touch  base” 
with  their  maintenance  installation.  This  means 
that  standardized  system  components  within 
one  ship  and  within  ships  of  the  force  will 
enhance  the  ability  of  the  force  to  maintain 
the  parts  inventory  necessary  to  sustain  the 
systems  embarked. 

Standardization  Tools 

Continuing  efforts  of  both  the  Chief  of  Naval 
Operations  and  the  Chief  of  Naval  Material 
have  been  directed,  as  a Navy  policy  since 
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1966,  to  reducing  multiplicity  and  prolifera- 
tion; procuring  proven,  reliable  and  support- 
able equipment,  and  controlling  the  changes 
that  can  be  made  to  that  equipment. 

Among  the  tools  employed  to  reach  this 
standardization  goal  are  configuration  control 
boards,  user  design  groups  and  industry  ad- 
visory councils.  One  area  in  which  the  Navy’s 
standardization  effort  has  been  concentrated 
is  that  of  tactical  digital  systems. 

The  requirement  for  developing  and  acquir- 
ing tactical  systems  that  utilize  digital  proc- 
essors is  generated  by  an  increasingly  sophis- 
ticated threat  via  air,  surface  and  sub-surface. 
To  meet  this  threat  within  the  requisite  time 
and  accuracy  limits,  the  Navy  has  developed 
high  speed,  high  accuracy  systems  that  require 
militarized,  digital  processors  programmed  in 
high  level  language. 

Recognizing  the  need  to  reduce  the  number 
of  different  processors  that  could  be  developed 
for  use  with  the  different  tactical  systems,  the 
Navy  adopted  in  November  1971  the  AN/ 
UYK-7(V)  as  its  standard  digital  processor. 
At  the  same  time,  CMS-2  was  adopted  as  the 
standard  high  level  programming  language. 
The  Marine  Corps,  because  of  its  inherent 
close  relationship  with  the  Navy,  monitored 
the  Navy  actions  and  has  specified  the  same 
processor  and  language  for  use  with  its  develop- 
ing systems. 

Mini-Processor  Development 

The  AN/UYK-7(V)  processor  is  an  efficient 
and  powerful  machine,  but  has  a greater  capa- 
bility than  was  required  by  a number  of  the 
smaller  tactical  systems  being  developed.  It  is 
also  larger  than  is  required  for  many  of  these 
systems.  Because  of  the  size,  power  and  cost 
of  the  AN/UYK-7(V),  system  developers 
began  to  incorporate  mini-processors  into  their 
new  system  designs.  The  problem  of  prolifera- 
tion, solved  in  the  case  of  larger  systems  by 
the  adoption  of  the  AN/UYK-7(V)  as  a stand- 
ard, raised  its  head  once  again. 

To  avoid  multiplicity  and  proliferation,  the 
Navy,  and  specifically  the  Tactical  Digital 
Systems  Office  (TADSO)  under  the  Chief  of 
Naval  Material,  formed  a design  review  group 
composed  of  various  users  and  prospective  users 
of  tactical  digital  mini-processors.  This  group, 
with  Marine  Corps  participation  included  from 


the  outset,  examined  the  various  applications 
that  could  be  expected  for  a tactical  digital 
processor.  With  technical  assistance  from  the 
systems  commands  and  the  Naval  Ship  Engi- 
neering Center,  the  group  developed  a specifica- 
tion for  a standard  tactical  mini-processor 
commonly  called  the  Mini-UYK. 

The  group  had  as  its  specification  objectives 
the  identification  of  a combat  system  processor 
for  the  smallest  tactical  subsystem  and  reten- 
tion of  a building  block  capability.  The  mini- 
processor was  required  to  cover  the  lower  range 
of  capabilities  not  possessed  by  the  existing 
AN/UYK-7(V)  and  be  compatible  with  the 
AN/UYK-7(V).  The  mini-processor  was  re- 
quired, to  the  greatest  extent  possible,  to  utilize 
standard  or  existent  parts  or  modules  and  had 
to  be  capable  of  being  programmed  on  other 
Navy  processors  with  a minimum  of  change. 
Finally,  the  mini-processor’s  scheduled  avail- 
ability had  to  be  such  that  all  users  could  be 
accommodated. 

Specification  Characteristics 

The  specification  for  the  Mini-UYK  required 
the  following  characteristics : 

• Small  size — a maximum  of  5 cu.  ft.  and 
200  lbs. 

• Militarized — built  to  Mil-E-16400. 

• Highly  reliable — employ  proven,  standard 
components  already  in  existence  or  a part  of 
current  technology. 

• Optimized  maintainability — repair  and 
maintenance  criteria  developed  to  minimize 
training  requirements.  Reduce  MTTR  through 
software  diagnostics. 

• 16  bit  word  length. 

• Memory — 8,192  words  minimum,  expand- 
able up  to,  65,536  words. 

• Speed  and  timing — equal  to  or  better  than 
AN/UYK-7(V). 

• Based  on  existing  mini-processor  design 
to  minimize  the  time  and  effort  required  for 
production. 

On  April  27,  following  the  evaluation  of  bids, 
a contractor  was  selected  to  produce  the  Mini- 
UYK  processor,  designated  AN/UYK-20(V), 
according  to  the  required  specification  which 
was  met  or  exceeded. 

Software  Compatibility 

In  the  software  area,  the  life  cycle  cost  of 
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tactical  systems  program  development  and 
maintenance  may  easily  run  three  to  four 
times  the  cost  of  the  system  hardware. 
Standardization  of  both  the  processor  and  the 
programming  language  can  reduce  the  number 
of  programs  to  be  developed  and  significantly 
reduce  the  program  maintenance  costs  when 
proper  configuration  control  is  maintained  on 
the  processor.  A standard  processor  means  that 
there  is  no  need  to  develop  a unique  compiler — 
to  convert  from  the  programmer’s  program 
language  to  the  processor’s  machine  language — 
for  each  type  of  nonstandard  digital  processor 
procured.  Programs  developed  to  run  for 
one  system  are  more  easily  transferable  to 
other  digital  systems  if  the  digital  processor 
and  the  programming  language  are  compatible. 
Increasing  transferability  is  an  excellent  means 
of  bringing  about  a reduction  in  program 
development  costs. 

A final,  albeit  not  cost  reducing,  benefit  of 
processor  standardization  is  that  system  re- 
dundancy can  be  provided  to  critical  combat 
systems  through  the  assignment  of  machines 
from  one  tactical  digital  system  to  another, 
should  one  processor  be  forced  to  go  off  the 
line  for  a period  of  time.  The  redundancy  bene- 
fit is  of  particular  importance  when  one  thinks 
of  the  Navy  peculiar  situation,  mentioned 
earlier,  of  ships  operating  for  extended  periods 
of  time  at  sea  and  far  from  their  maintenance 
base  ashore. 

Standardization  Pitfalls 

Fairness  demands  that  one  look  again  at 
standardization  to  determine  if,  in  fact,  there 
may  be  pitfalls  which  outweigh  the  previously 
discussed  advantages.  One  obvious  drawback 
that  must  be  faced  from  the  start  is  that  once 
a system  component  or  language  is  locked  in 
the  advantages  that  can  be  gained  by  keeping 
up  with  the  state  of  the  art  are  lost.  Pursued 
far  enough,  it  can  be  argued  that  standardiza- 
tion will  stifle  the  development  of  new  equip- 
ment and  new  systems.  In  the  case  of  digital 
systems,  the  efforts  of  the  computer  industry 
in  the  past  tend  to  effectively  counter  this 
argument,  since  it  has  been  possible  to  develop 
standardized  generations  of  equipment  which 
stabilize  the  advancements  over  reasonable 
time  frames  without  invoking  minor  advances 
on  a piecemeal  basis. 


Another  common  argument  against  the  devel- 
opment of  a standard  is  that,  in  achieving  a 
standard,  it  may  be  necessary  to  compromise 
to  such  an  extent  that  the  developed  item  may 
not  be  operationally  effective.  This  can  be  over- 
come by  disallowing  any  proposed  standard 
that  would  significantly  impair  performance 
requirements. 

Finally,  standardizing  on  one  programming 
language  may  result  in  inefficient  use  of  the 
speed  and  memory  capabilities  of  the  processor. 
However,  here  again  optimization  of  the  proc- 
essor will  tend  to  relegate  the  inefficiencies 
to  areas  where  they  are  offset  by  gains  in  the 
overall  operating  characteristics  of  the  com- 
puters. In  programming  language,  as  with 
items  of  hardware,  selection  of  a standard  and 
sticking  to  it  precludes  the  maximum  use  of 
state-of-the-art  techniques. 

TADSO  Responsibilities 

In  the  Navy,  the  arguments  regarding  the 
pros  and  cons  of  standardization  have  been 
routine  among  system  developers  for  years 
but  the  arguments  have  been  resolved  in  favor 
of  standardizing.  The  central  Navy  Depart- 
mental Standardization  Office  of  the  Naval 
Material  Command,  established  in  1955,  was 
reinforced  in  the  fall  of  1971  by  the  establish- 
ment of  the  Tactical  Digital  Systems  Office 
(TADSO)  to  direct  and  coordinate  Naval  Mate- 
rial Command  efforts  in  the  areas  of  standardi- 
zation, acceptance  standards  and  configuration 
management  of  both  hardware  and  software 
for  the  digital  combat  systems  world. 

Requirements  that  are  currently  identified 
for  the  mini-combat  system  processor  include 
systems  under  development  for  the  Naval  Air, 
Electronics,  Ordnance,  and  Ships  Systems  Com- 
mands as  well  as  for  the  Marine  Corps.  It  is 
expected  that  additional  requirements  will  be 
identified  as  the  knowledge  of  the  standard 
mini-combat  system  processor  becomes  more 
widespread. 

The  gains  sought  in  this  standardization 
effort  are  the  classic  ones  of  reduction  in  pro- 
curement costs,  inventory  and  maintenance 
costs.  In  addition,  it  is  hoped  the  establishment 
of  this  standard  will  result  in  the  elimination 
of  the  development  costs  of  unnecessary  sizes, 
types  and  varieties  of  similar  but  specialized 
processors.  □ 
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tandards  and  specifications  are  today  of 
increasing  interest  and  importance  in  Govern- 
ment, commerce  and  industry.  They  give  rise 
to  many  utterances  of  individual  wisdom  and 
interpretation  by  political  heads  of  state,  indus- 
trial executives  and  chief  engineers.  The  ques- 
tion is  often  asked,  “What  are  the  engineering 
schools  and  colleges  doing  about  including 
courses  on  standards  and  specifications  in  the 
engineering  curriculum  ?” 

The  answer  to  this  question  is,  “They  are 
not  really  doing  very  much  about  it.”  But  this 
answer  does  not  imply  the  concepts  of  stand- 
ards and  specifications  are  completely  ignored 
in  the  teachings  of  most  of  our  schools  and 
colleges  of  engineering.  There  are  some  educa- 
tional and  curricular  problems  associated  with 
engineering  standards  and  specifications.  There 
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are  certain  ways  Government  and  industry  may 
assist  and  encourage  our  schools  and  colleges 
in  identifying  appropriate  content  material  and 
in  more  effectively  teaching  these  meaningful 
and  necessary  concepts  to  a wider  class  of 
students  in  the  future. 

The  Random  House  Dictionary  of  the  Eng- 
lish Language  defines  the  words  “standard”  and 
“specification”  as  follows: 

Standard:  1.  An  object  considered  by  an 
authority  or  by  general  consent  as  a basis 
of  comparison ; an  approved  model.  2.  Any- 
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thing,  as  a rule  or  principle,  that  is  used 
as  a basis  for  judgment.  . . . 

Specification:  1,  The  act  of  specifying. 

2.  A detailed  description  of  requirements, 
dimensions,  materials,  etc.,  as  of  a pro- 
posed building,  machine,  bridge,  etc.  . . . 

It  must  be  noted  the  concepts  of  “object” 
and  “dimension”  are  the  primary  elements  in 
the  referenced  dictionary  definitions.  It  is  then 
natural  that  the  general  public  and  many  offi- 
cials would  think  dominantly  in  terms  of  these 
somewhat  restricted  definitions  in  matters  re- 
lating to  official  standards  and  specifications. 
It  is  a fact,  however,  that  technical  and  opera- 
tional interpretations  and  applications  of  these 
concepts  have  evolved  significantly  in  industrial 
uses. 

In  early  industrial  uses  of  standards  and 
specifications,  and  even  today,  a typical  manu- 
facturer would  rather  produce  items  of  a prod- 
uct to  specified  physical  or  dimensional  char- 
acteristics than  to  specified  performance  or 
other  characteristics.  When  a dimensional  re- 
quirement on  a drawing  or  blueprint  had  been 
met  at  any  stage  of  manufacture,  it  would  also 
meet  that  same  requirement  in  the  finished 
product.  This  is  not  true,  however,  for  perform- 
ance requirements.  It  is  well  known  today  that 
a product  item  may  meet  all  the  requirements 
of  the  blueprint  and,  yet,  fail  in  its  performance 
characteristics. 

A New  Breed 

In  the  last  50  years  standards  and  specifica- 
tions have  become  very  long,  complicated  and 
formidable  documents.  They  usually  contain 
extensive  sets  of  drawings  and  elaborately 
written  book-like  compilations.  They  often 
embellish  infinite  details  (boiler  plate)  con- 
sidered legally  necessary  but  rarely  read.  They 
are  further  complicated  by  the  differing  styles 
of  issuing  agencies,  prime  contractors,  etc. 
Many  issuing  organizations  follow  practices  of 
calling  out  still  other  more  general  and  special- 
ized standards  and  specifications  as  being  appli- 
cable, when  only  a few  paragraphs  contained  in 
them  are  truly  applicable. 

In  more  recent  years,  therefore,  a new  breed 
of  standards  and  specifications  has  emerged. 
It  is  not  always  easy  to  draw  a significant  dis- 
tinction between  standards  and  specifications. 


Sometimes  the  words  are  used  interchangeably, 
even  though  they  have  fundamentally  different 
meanings.  At  the  present  stage  of  industrial 
development,  specifications  continue  to  state 
for  the  referenced  item  all  requirements,  rele- 
vant test  methods,  and  acceptance  criteria.  A 
standard  can  be  expressed  as  a numerical  value 
or  a discernible  state  of  the  referenced  item 
against  which  to  measure  or  compare  an  ob- 
served quantity,  quality,  procedure,  practice, 
or  program. 

Current  Application 

Government  and  industry  currently  make 
extensive  use  of  official  standards  and  specifi- 
cations in  contractual  documents  for  the  design, 
development  and  fabrication  of  facility  com- 
plexes and  construction  processes,  hardware 
devices  and  equipment  configurations,  software 
programs  and  data  functions,  public  utility  and 
service  operations,  safety  and  performance 
assurance  procedures  and  management  infor- 
mation and  control  systems.  We  may  expect 
the  emergence  of  still  other  new  parameters 
and  systems  of  applicability  for  standards  and 
specifications  with  the  increasing  societal  atten- 
tion to  health,  recreation,  environment,  safety, 
product  liability  and  quality  of  working  life. 

It  is  then  not  surprising  that  national 
thinkers,  planners  and  leaders  do  and  will  con- 
tinue to  urge  that  greater  attention  be  given 
to  standards  and  specifications  in  the  Nation’s 
educational  system  and  in  industry’s  executive 
development  and  training  programs.  It  is  also 
natural  that  these  leaders  would  think  first 
of  our  schools  and  colleges  of  engineering  to 
undertake  this  important  responsibility. 

Public  Systems  of  Higher  Education 

To  arrive  at  a relevant  and  rational  set  of 
recommendations  for  curricula  considerations 
for  governmental  and  industrial  types  of  stand- 
ards and  specifications,  one  should  understand 
the  typical  structure  and  educational  objectives 
of  the  public  higher  educational  institutions  in 
the  Nation.  The  tendency  is  increasing  for  the 
individual  states  to  divide  their  public  higher 
educational  institutions  into  a tripartite  system : 

• Universities.  The  universities  are  usually 
assigned  the  primary  responsibility  for  basic 
research  and  related  graduate  teaching  in  the 
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sciences,  the  arts  and  the  professions,  includ- 
ing engineering.  The  universities  also  have 
responsibility  for  instruction  and  curricular 
leadership  for  basic  and  new  approaches  to 
undergraduate  education  for  students  planning 
to  create  new  systems,  new  arts,  and  new  tech- 
nology as  a life’s  work.  Only  students  with  the 
highest  qualifications  and  potential  are  admitted 
at  the  freshman,  junior  or  graduate  levels.  In 
addition,  the  universities  may  prepare  or  spon- 
sor special  seminars,  symposia  and  conferences 
involving  applications  of  newly  developed 
knowledge  and  procedures  for  presentation 
through  the  extended  university  to  govern- 
mental, industrial,  engineering  and  other  spe- 
cialized communities  who  can  utilize  the  in- 
formation presented.  Engineering  graduates  of 
the  universities  are  considered  to  be  better 
prepared  to  work  creatively  on  the  frontiers 
of  knowledge  and  to  design  new  product  or 
service  systems  for  the  future  benefit  of 
mankind. 

• State  Colleges.  The  primary  function  of 
the  state  colleges  or  state  universities  is  the 
provision  of  instruction  for  college  students, 
usually  through  the  master’s  degree  in  the 
liberal  arts  and  sciences,  in  applied  fields  and 
in  the  professions  and  vocations  including  engi- 
neering. Faculty  research  is  authorized  to  the 
extent  that  it  is  consistent  with  the  primary 
function  of  the  state  colleges  and  state  uni- 
versities and  with  the  facilities  provided  for 
that  function.  Students  with  middle  to  higher 
academic  and  career  qualifications  attend  these 
institutions  and  they  are  admitted  at  the  fresh- 
man, junior  or  graduate  levels.  In  addition, 
special  short  courses,  programs  and  conferences 
involving  current  policies,  practices  and  pro- 
cedures are  planned  or  sponsored  for  presenta- 
tion to  industrial,  practicing  and  professional 
people.  Engineering  graduates  of  the  state  col- 
leges are  primarily  prepared  and  trained  to 
utilize  the  current  state  of  knowledge  and  art 
in  engineering  to  operate  and  to  improve  the 
beneficial  effects  of  engineering  design,  develop- 
ment and  technology  to  society. 

• Community  Colleges.  Public  community 
colleges  in  the  states  and  municipalities  usually 
offer  instruction  through,  but  not  beyond,  the 
14th  grade  level.  This  instruction  may  include, 
but  shall  not  be  limited  to,  programs  in  one  or 


more  of  the  following  categories : standard 
collegiate  courses  for  transfer  to  higher  educa- 
tional institutions ; vocational,  technical  and 
trade  fields  tending  to  employment;  and  gen- 
eral or  liberal  arts  courses.  High  school  gradu- 
ates with  any  level  of  qualification  may  not  be 
denied  admission  to  courses  or  programs  of 
interest  in  these  institutions.  Studies  in  these 
fields  or  categories  can  lead  to  the  associate  in 
arts  or  associate  in  science  degree.  Vocational 
graduates  of  these  institutions  are  prepared 
to  find  useful  employment  in  a wide  spectrum 
of  laboratories,  production  and  fabrication 
processes,  individual  trades,  services,  etc. 

New  Schools  and  Colleges  of  Technology 

Certain  types  of  new  schools  and  colleges  of 
technology  are  emerging  on  the  educational 
institution  scene.  These  new  schools  or  colleges 
typically  have  separate  divisions  for  technol- 
ogies related  to  engineering,  industry,  manu- 
facturing, construction,  management,  etc.  At 
least  one  of  the  Nation’s  newest  state  uni- 
versities, with  a school  of  technology  in  the 
planning  stage,  shows  a technology  division  for 
the  presently  popular  environmental  and  urban 
studies.  These  technology  oriented  schools  or 
colleges  are  to  be  found  in  a number  of  uni- 
versities, large  and  small,  and  state  colleges. 
Some  report  to  the  college  of  engineering  and 
others  are  within  the  colleges  of  liberal  arts 
or  education.  They  admit  a very  broad  class  of 
students  with  varying  degrees  of  preparation. 
They  plan  four  year  educational  programs  for 
individual  students  so  almost  any  college  work 
taken  previously  will  count  toward  a bachelor 
of  technology  degree.  Students  are  admitted  to 
the  technology  programs  at  almost  any  time 
convenient  to  the  student. 

It  is  significant  the  curricular  programs  of 
some  of  these  schools  and  colleges  of  technology 
are  being  reviewed  and  given  certain  types  of 
approved  or  accredited  status  by  the  American 
Society  of  Engineering  Education  and  by  other 
engineering  professional  development  organi- 
zations. It  is  also  possible  in  some  states  for 
technology  graduates  to  apply  for  and  to  earn 
recognition  as  registered  professional  engineers 
through  examination  and  professional  activity. 
It  is  customary  for  four  year  technology  gradu- 
ates to  be  employed  in  a very  broad  spectrum 
of  engineering,  production  and  service  func- 
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tions  of  society,  and  to  progress  up  the  experi- 
ence ladder  to  middle  and  high  level  positions. 

The  Engineering  Profession 

In  Government,  industry  and  education  there 
is  a tradition  of  wide  ranging  usage  of  the 
words  “engineer”  and  “engineering.”  The  engi- 
neering profession  has  similarities  to  the  pro- 
fessions of  medicine  and  law,  but  it  also  has 
significant  differences.  Medicine  and  law  are 
sometimes  referred  to  as  exclusive  professions 
because  one  must  pass  state  board  examinations 
and  be  licensed  before  he  can  begin  to  practice 
medicine  or  law.  Engineering  may  be  thought 
of  as  an  inclusive  profession  because  of  a 
much  more  open  door  invitation  to  join  and 
practice  it. 

It  is  difficult  to  plan  specific  engineering 
educational  programs  and  to  know  whether 
or  not  a given  subject  should  belong  to  that 
curriculum.  An  instructional  program  of  study 
of  standards  and  specifications  is  just  such  a 
subject  and  curricular  problem  for  engineer- 
ing. There  exists  today  an  almost  exponentially 
increasing  need  in  Government  and  industry 
for  improved  old  and  for  new  types  of  stand- 
ards and  specifications.  Perhaps  the  greatest 
contributing  force  to  this  need  in  the  last 
decade  has  been  the  Government’s  policy  or 
practice  of  selecting  a single  or  a consortium 
prime  contractor  for  large  scale  systems  devel- 
opments and  the  resultant  requirement  that  a 
very  large  fraction  of  the  work  be  done  by 
hundreds  of  smaller  subcontractors. 

Moreover,  it  is  predicted  that  some  of  the 
Nation’s  largest  utilities  and/or  service  orga- 
nizations, which  have  throughout  their  exist- 
ence designed  and  manufactured  their  own 
specialized  equipment,  will  turn  more  and  more 
to  competitive  outside  bids  on  certain  products. 
To  do  this  successfully,  they  must  first  develop 
different  and  better  types  of  standards  and 
specifications.  The  amount  of  this  work  is  diffi- 
cult to  estimate,  but  it  is  obviously  a large  task. 

Summary  and  Conclusions 

A perusal,  even  though  limited,  of  the  history 
of  and  the  rapidly  evolving  literature  on  stand- 
ards and  specifications  makes  abundantly  clear 
the  following  observations : 

• Uses  of  standards  and  specifications  by 


Government  and  industry  have  increased  enor- 
mously in  the  past.  This  will  continue  in  the 
future  not  only  for  traditional  products  and 
services  but  also  for  nearly  all  human  activity 
where  negotiation  and  agreement  is  used. 

• Clearly  defined  standards  and  well  written 
specifications  are  the  best  known  or  conceivable 
instruments  for  successful  negotiation  and 
agreement  between  all  types  of  producers  and 
users  or  servers  and  the  served. 

• Appropriate  standards  and  specifications 
are  applicable  to  any  input,  thruput,  or  output 
of  any  intended  unit,  component,  module,  or 
segment  of  a product  or  service  system. 

• A real  need  exists  for  greater  national  and 
international  uniformity  in  the  structure,  com- 
position and  understanding  of  standards  and 
specifications  for  products  and  services. 

• More  attention,  space  and  time  should  be 
devoted  to  standards  and  specifications  in 
appropriate  curricular  programs  of  all  of  our 
educational  institutions.  Schools  of  engineering 
and/or  of  technology  with  greatest  potential 
for  effective  contribution  and  intrinsic  interest 
in  this  type  of  education  are  to  be  found  among 
the  state  colleges  of  the  tripartite  systems  of 
public  higher  education  in  the  states.  The  uni- 
versities and  community  colleges  can  contribute 
significantly  in  their  respective  spheres  of 
educational  responsibility. 

• It  is  of  critical  importance  that  the  United 
States  undertake  a strong  international  leader- 
ship role  in  standards  and  specifications 
matters.  In  this.  Government  and  industry 
should  collaborate  most  effectively. 

These  observations  are  made  in  full  recog- 
nition that  the  entire  world  is  neither  all  friend 
or  all  foe. 

Recommendations 

The  viewpoint  of  this  article  has  been  that 
of  the  educational  or  curricular  aspects  of 
standards  and  specifications.  Consideration  of 
educational  or  curricular  aspects  does  not,  how- 
ever, minimize  the  roles  and  tasks  of  Govern- 
ment and  industry  in  meeting  the  total  needs 
of  the  Nation  relative  to  the  future  utilization 
of  standards  and  specifications.  The  voices  of 
Government  and  industry  are  heard  in  our 
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educational  institutions,  and  our  schools  and 
colleges  of  engineering  and  of  technology  are 
increasingly  influenced  by  them. 

The  following  statements  are  first  related 
to  standards  and  specifications  in  general,  but 
they  are  progressively  restricted  to  the  asso- 
ciated educational  and  curricular  problems  in 
particular.  It  is  recommended  that: 

• The  U.S.  Government  form  an  ad  hoc 
group  of  highly  qualified  people  to  study  prob- 
lems related  to  current  and  future  uses  of 
standards  and  specifications  in  all  major  areas 
of  concern  to  Government,  industry,  society 
and  education.  This  group  should  be  composed 
of  three  to  five  appropriate  representatives 
from  these  areas,  and  it  might  seek  reciprocal 
international  representation.  The  group  should 
be  charged,  budgeted  and  given  access  to  appro- 
priate support  personnel,  facilities  and  infor- 
mation. The  study  should  be  expected  to  extend 
for  two  years  with  follow-up  service,  delega- 
tion and  implementation. 

• The  findings  of  this  group  should  be 
published  and  recommendations  should  be 
made  for  all  areas  of  use  for  standards  and 
specifications. 

• With  respect  to  the  educational  and  cur- 
ricular aspects  of  standards  and  specifications 
and  because  of  the  two  foregoing  recom- 
mendations, the  Federal  Government  and  in- 
dustry should  formulate  and  issue  high  class, 
well  designed  instructional  information  about 
the  basic  structure,  content  and  applications 
of  standards  and  specifications  in  all  areas  of 
human  activity.  This  material  would  consist 
of  books,  documents,  slides,  charts,  transparen- 
cies, movies,  etc.  A particular  agency  or  group 
of  the  Government  should  be  given  cognizance 
and  responsibility  for  the  currency  and  updat- 
ing of  this  information.  This  information 
should  be  made  available  to  approved  schools 
and  colleges  that  are  giving  courses  or  other 
instruction  in  standards  and  specifications. 

• Congressional  and  industrial  long-term 
funding  should  be  be  sought  for  partial  support 
of  this  type  of  educational  activity  throughout 


the  United  States.  The  level  of  financial  support 
for  a particular  institution  would  be  commen- 
surate with  its  needs  and  approved  educational 
programs  in  standards  and  specifications.  The 
funds  might  also  include  support  for  professor- 
ships or  chairs  for  a limited  number  of  dis- 
tinguished faculty  who,  in  addition  to  regular 
engineering  and  technology  teaching,  would 
give  special  lectures  and  presentations  in 
Government,  industry  and  other  educational 
institutions. 

• Funding  through  the  National  Science 
Foundation  or  the  National  Academy  of  Engi- 
neering should  be  provided  for  periodic  study 
and  writing  groups  to  produce  new  and  updated 
materials  for  classroom  instruction  on  stand- 
ards and  specifications. 

• Certain  laboratories  should  be  funded  and 
established  for  experimentation  with  problems 
of  developing  and  meeting  certain  types  and 
levels  of  standards  and  specifications  with  cur- 
rent or  planned  new  industrial  equipment  and 
processes. 

• Other  educational,  industrial  and  govern- 
mental activity  should  be  planned  to  support  the 
Nation  in  its  approach  to  optimum  uses  of 
standards  and  specifications  at  acceptable 
levels  of  cost,  quality,  performance  and  human 
appreciation. 

Nothing  in  these  recommendations  is  in- 
tended to  suggest  restriction  of  the  functions 
of  existing  professional  organizations  in  Gov- 
ernment and  industry  which  are  concerned  with 
standards  and  specifications.  The  opportunity 
would  be  all  the  more  to  work  through  and 
with  them. 

This  article  is  a brief  attempt  to  present 
certain  educational  aspects  of  a vast  problem 
and  opportunity  facing  the  Nation.  The  recom- 
mendations offered  may  appear  to  pass  the 
buck  of  cost  to  other  than  the  local  tax  bases 
of  the  respective  educational  institutions.  This 
is  not  the  case.  With  the  recommended  financial 
and  leadership  support  of  Government  and 
industry  assured,  then  local  funds  through 
taxes  and  tuition  can  be  expected.  Worker 
interest,  pride  and  maturity  will  follow.  □ 
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Culprit  of  Contract  Appeals 
Is  Ambiguous  Specifications 


W 

" hen  military  specifications  become  a part 
of  a contract  instrument  they  bring  into  the 
procurement  process  a vested  industry  interest. 
A specification  is  a technical  document  subject 
only  to  Government  interpretation  when  used 
solely  within  a Government  activity.  When  it 
becomes  part  of  a contract,  it  becomes  subject 
to  interpretation  not  alone  by  the  Government 
but  by  the  contractor  as  well,  with  possible 
serious  cost  implications  not  originally  en- 
visioned. Since  interpretation  of  specifications 
has  been  determined  by  numerous  opinions  of 
the  courts  to  present  issues  of  law,  specifica- 
tions preparation  must  conform  to  those  princi- 
ples of  interpretation  established  by  opinions 
of  the  courts.  Additionally,  to  meet  targets  of 
the  contractual  cost  to  produce,  particular 
attention  must  be  given  to  the  language  of 
specifications  work  statements  and  technical 
data  to  avoid  cost  surprises. 

In  a report  by  the  Joint  Logistic  Review 
Board  concerning  procurement  and  production,' 
an  observation  was  made  in  reference  to  speci- 
fications as  a contract  instrument  and  the  cost 
and  delinquency  effect  of  faulty  contract  speci- 
fications. The  report  states  the  Armed  Services 
Board  of  Contract  Appeals  (ASBCA)  considers 
approximately  900  cases  a year  and  estimates 
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that  50  percent  of  these  are  caused  by  improper 
specifications.  The  number  of  cases  involving 
specifications  being  appealed  to  the  ASBCA 
has  been  increasing  since  1965. 

Specifications  containing  ambiguities  and 
language  capable  of  diverse  interpretations 
introduce  into  the  contractual  document  possi- 
ble contract  disputes  with  attendant  increase 
in  costs.  Quality  assurance  and  technical  data 
personnel  are  responsible  for  ensuring  that 
specifications  are  accurate.  While  staff  activities 
have  the  responsibility  of  verifying  the  Govern- 
ment can  accomplish  its  requirements  at  the 
time  the  purchase  request  is  being  prepared, 
the  Joint  Logistics  Review  Board  found  that 
the  “Government  is  frequently  faced  with  a 
contractor’s  complaint  of  ambiguous  or  errone- 
ous specifications  causing  distracting  and  time 
consuming  delays  and  arguments  finally  ending 
before  the  Armed  Services  Board  of  Contract 
Appeals.”  Reference  to  ASBCA  cases  handled 
in  1972,  for  example,  discloses  a great  pre- 


^ Memorandum,  Office  of  Secretary  of  Defense,  Sub- 
ject: Joint  Logistics  Review  Board,  Feb.  17,  1969,  Mon- 
ograph 16,  Procurement  and  Production,  p.  64. 


Defense  Management  Journal 


43 


ponderance  of  cases  which  involve  contract 
specification  problems. 

Clarification  Opportunities 

In  the  procurement  process  there  are  two 
principal  opportunities  to  correct  errors  and 
ambiguities  in  specifications. 

An  opportunity  for  clarifying  specifications 
as  a contract  instrument  exists  in  the  pre- 
award survey  through  the  Program  for 
Improvement  of  Procurement  Data  Packages 
and  Specifications  and  the  preparation  by  the 
quality  assurance  representative  of  the  Pro- 
curement Data  Package  Recommendation/ 
Deficiency  Report  and  Specification  Analysis 
Sheet.  In  the  course  of  review  of  the  incoming 
contract,  the  quality  assurance  representative 
coordinates,  through  the  administrative  con- 
tracting officer,  with  the  procurement  contract- 
ing officer  any  correction,  clarification,  or 
needed  interpretation  of  the  specification  as  a 
contract  instrument. 

Another  opportunity  for  clarification  is  at 
the  post-award  conference  held  with  the  con- 
tractor to  ensure  he  is  familiar  with  all  the 
terms  and  specifications  of  the  contract.  The 
obligations  of  the  Government  should  be 
thoroughly  reviewed  at  this  time  and  an 
immediate  correction  of  any  discrepancies 
should  be  provided  to  minimize  any  adverse 
effect  on  contract  performance.  The  key  man 
on  the  contract  administration  team  is  the 
administrative  contracting  officer.  He  has  the 
overall  responsibility  in  managing  the  assigned 
contract  to  ensure  the  contractor’s  total  per- 
formance is  in  accordance  with  the  contractual 
commitments  and  that  the  obligations  of  the 
Government  are  fulfilled.  However,  he  relies 
heavily  on  other  members  of  the  contract  ad- 
ministration team  which  include  production. 


quality  assurance  and  industrial  property 
personnel. 

Accuracy  Is  Essential 

Clear  and  accurate  specifications  are  essen- 
tial to  effective  procurement.  Conflicting  or 
ambiguous  requirements  are  likely  to  be  inter- 
preted against  the  Government  since  it  supplied 
the  specification.  The  order  of  priority  and  the 
limitations  of  different  documents  should  be 
clearly  stated  to  establish,  in  the  event  of  con- 
flict, whether  or  not  specifications  have  priority 
over  drawings,  the  relation  of  general  specifica- 
tions to  detailed  specifications,  and  the  applica- 
bility of  other  contract  documents  that  describe 
the  supplies.  The  Order  of  Precedence  clause  in 
the  Armed  Services  Procurement  Regulation 
(ASPR)  may  be  used  to  provide  a contractual 
description  of  the  desired  priority.  The  bid  or 
proposal  solicitation  should  also  make  clear 
what  particular  issue  of  a specification  governs 
since  specifications  having  the  same  general 
title  are  revised  from  time  to  time. 

While  specifications  should  be  clear  and  com- 
plete, they  should  not  contain  conditions  that 
unreasonably  restrict  competition.  To  illustrate, 
a specification  once  used  for  the  procurement 
of  a commercial  grade  of  refrigerator  required 
a magnetic  door  latch.  This  type  of  latch  was 
a standard  feature  on  only  one  of  the  dozen  or 
so  commercially  available  products.  As  a result, 
it  kept  all  but  one  manufacturer  from  bidding 
on  the  procurement.  The  other  firms  were  not 
interested  in  undertaking  the  engineering  and 
retooling  necessary  to  incorporate  the  change 
in  their  products.  Requirements  like  this  not 
only  restrict  competition,  they  can  also  lead 
to  costly  delays  in  awarding  a definitive  con- 
tract. This  can  happen,  for  example,  if  a 
contractor  whose  product  is  restricted  by  un- 
necessary requirements  protests  to  higher 
authority. 

Varied  Specification  Types 

Procurements  are  initiated  and  contracts  are 
placed  at  several  points  in  the  life-span  of  a 
complex  item.  As  an  item  moves  from  research 
and  development  into  production,  it  can  be 
defined  and  described  more  precisely.  Research 
investigations,  for  example,  are  commonly  pro- 
cured on  the  basis  of  flexible  work  descriptions 
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which  are  often  broad  and  general.  These  give 
the  contractor  a great  deal  of  freedom.  During 
the  early  developmental  stages  of  an  item,  work 
descriptions  and  specifications  are  compara- 
tively general.  By  the  time  the  production  stage 
is  reached,  however,  it  is  expected  that  firm 
plans  and  specifications  will  be  available.  Often 
these  are  prepared  by  the  development  con- 
tractor and  approved  by  the  Government.  They 
are  then  released  so  production  quantities  may 
be  procured  competitively. 

It  is  at  the  approach  to  the  production  phase 
in  the  procurement  cycle  that  the  opportunity 
exists  for  further  technical  and  legal  review 
of  the  specifications,  drawings  and  other  parts 
of  the  technical  data  package  as  they  are  being 
incorporated  into  a contract  instrument. 

The  specification  as  a contract  instrument 
should  assure  the  Government’s  ability  to  in- 
spect for  compliance.  This  would  enable  tech- 
nicians to  see  problems  as  they  arise,  determine 
desirability  of  changing  to  a detailed  specifica- 
tion or  changing  to  a performance  specification, 
and  determine  that  requirements  are  too  re- 
strictive or  not  sufficiently  restrictive  and  many 
other  specification  revisions. 

It  is  necessary  to  test  not  only  a contractor’s 
ability  to  manufacture  a given  item,  but  the 
adequacy  of  the  specification  in  mass  produc- 
tion in  accordance  with  its  requirements. 

Defective  Specifications  Invite  Claims 

There  is  presently  a deep  concern  over  rising 
costs  of  defense  procurement,  the  contingencies 
and  mounting  costs  of  unexpected  contractual 
claims  of  every  variety. 

This  concern  was  expressed  by  Dr.  John  S. 
Foster  Jr.,  Director  of  Defense  Research  and 
Engineering,  at  a meeting  of  the  Amer'can 
Ordnance  Association  at  which  he  indicated 
that  “one  of  the  priority  actions  is  to  gain 
control  over  the  escalating  costs  of  weapons 
systems,  costs  that  have  been  tripling.  ...  As 
this  has  happened,  we  have  been  forced  to 
procure  fewer  and  fewer  copies.’’ 

We  have  evolved  from  the  term  cost  overruns 
to  cost  growth  and,  in  turn,  to  the  concept  of 
cost  threshold  breach.  We  have  devised  con- 
cepts for  cost  control,  such  as  should  cost, 
design  to  cost  and  cost  to  produce.  Public  Law 
87-653  assures  recovery  of  costs  where  pro- 
posals are  based  on  inaccurate,  noncurrent  and 


incomplete  cost  data.  We  have  also  begun  to 
control  costs  through  the  greater  visibility  pro- 
vided by  the  Cost  Accounting  Standards  Pro- 
gram under  Public  Law  91-379,  concurrently 
with  the  control  of  costs  under  Section  XV, 
“Cost  Principles,’’  of  the  Armed  Services  Pro- 
curement Regulation. 

While  the  DOD  contract  has  numerous  clauses 
unrelated  to  specifications  which  are  involved 
in  litigation  through  boards,  state  and  Federal 
courts  and  the  U.S.  Supreme  Court,  one  of  the 
most  complex  sources  of  contract  litigation  in- 
volving complex  technical  issues  and  unexpected 
cost  is  found  in  the  specifications,  work  state- 
ments, drawings  and  other  technical  data, 
comprising  an  integral  part  of  the  contract 
instrument.  This  is  an  area  which  invites  highly 
trained  lawyers,  accountants  and  engineers  to 
present  claims  to  the  Government. 

Defective  specificat’ons  as  a contractual  docu- 
ment will  produce  all  manner  of  claims  under 
the  doctrines  of  Constructive  Changes  and 
Impossibility  of  Performance. 


Legal  Considerations 

The  need  for  sound  technical  and  legal  drafts- 
manship of  specifications  as  contractual  instru- 
ments with  an  awareness  of  the  current  state 
of  the  art  and  which  essentially  possesses  exclu- 
sive or  peculiar  knowledge  of  the  field,  whether 
Government  or  contractor,  arises  out  of  a con- 
sideration of  the  principles  very  aptly  sum- 
marized by  the  Trial  Commissioner  in  the 
recent  case  of  J.  A.  Maurer  v.  United  States  in 
which  the  U.S.  Court  of  Claims  said: 

“The  issue  of  technological  impossibility 
of  performance  has  arisen  frequently  in 
Government  contract  litigation,  at  times 
in  this  and  other  Federal  courts,  and  more 
often  in  the  Armed  Services  Board  of  Con- 
tract Appeals.  ...  It  typically  occurs  in 
fixed  price  research  contracts  and  in  supply 
contracts  containing  performance  type 
specifications  as  opposed  to  design  type. 
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It  also  occurs  in  straight  supply  contracts 
where  the  precise  technology  has  not  been 
settled  and  the  parties  either  underesti- 
mate the  anticipated  problems  or  encounter 
them  contrary  to  expectation.  For  the  pur- 
pose of  the  case  under  consideration  the 
inquiry  is  restricted  to  the  type  of  impossi- 
bility involving  a scientific  or  technological 
obstacle  as  a ground  for  excusability  under 
the  unassigned  ‘no  fault  or  negligence' 
language  of  the  standard  Default  clause, 
rather  than  the  more  common  type  of 
performance  excuses  expressly  enumerated 
in  the  clause  as  acts  of  God  or  Government, 
war,  weather,  illegality,  etc.” 

Judicial  and  administrative  attitudes  in  the 
rulings  on  the  issue  display  wide  diversity, 
ranging  from  an  uncomprising  assumption-of- 
risk  sternness  to  more  reasoned  approaches, 
even  though  the  claims  in  those  instances  were 
dismissed.  There  is  instinctive  sympathy  for  the 
blameless  and  diligent  contractor  who,  while 
accepting  the  risks  of  performing  a fixed  price 
contract  which  pushes  the  frontier  of  a par- 
ticular scientific  or  manufacturing  technique, 
encounters  unanticipated  technical  problems 
preventing  performance.  Despite  this,  the 
decisions  reflect  a very  legalistic  prevailing 
view  that  a contractor  is  bound  by  his  contract, 
but  there  are  exceptions. 

The  assumption  of  risk  defense  is  less  strictly 
applied  where  the  specifications  are  drawn  by 
the  Government  than  where  they  are  provided 
by  the  contractor.  The  converse  is  also  true. 
This  rests  principally  on  the  theory  that  the 
author  of  specifications  impliedly  warrants  they 
will  work.  The  warranty  theory  has  greater 
validity  with  respect  to  design  specifications 
than  to  performance  specifications.  Knowledge 
of  opportunity  for  knowledge  of  the  risks  prior 
to  contracting  is  held  against  the  contractor, 
just  as  superior  but  unimparted  knowledge  on 
the  part  of  the  contracting  agency  is  held 
against  the  Government.  But  the  superior 
knowledge  of  another  Government  agency  is 
not  to  be  imputed  to  the  contracting  agency. 

Impact  on  Defense  Economics 

The  specification  problem  is  one  of  consider- 
able magnitude  not  only  in  terms  of  its  intrinsic 
technical  and  philosophical  complexity,  but  also 


in  terms  of  the  impact  of  this  problem  on  the 
economics  of  defense.  If  we  consider  specifica- 
tions in  a general  sense,  i.e.,  documentation 
that  defines  requirements  for  procurement,  we 
are  concerned  with  “paper”  that  favorably  or 
unfavorably  affects  over  $20  billion  of  procure- 
ment annually.  These  specifications  are  sup- 
ported by  a vast  quantity  of  related  documents. 
Each  year,  for  example,  DOD  acquires  approxi- 
mately six  million  new  or  revised  drawings. 
It  distributes  over  one  billion  prints  annually. 
The  Specification  Index  lists  over  35,000 
specifications. 

The  foregoing  suggests  some  of  the  historical 
causes  of  the  specification  problem.  The  his- 
torical facts  might  be  considered  the  remote 
causes  of  the  problem.  There  are,  however, 
more  immediate  causes,  the  most  important  of 
which  has  been  the  failure  over  a long  period 
of  time  of  the  executive  levels  in  both  Govern- 
ment and  industry  to  give  adequate  manage- 
ment attention  to  this  area.  This  situation 
exists  for  many  reasons,  not  the  least  of  which 
is  that  management  frequently  considers  speci- 
fications as  details  to  be  resolved  by  technicians. 
There  is  a tendency  to  overlook  the  fact  that 
specifications  and  the  manner  in  which  they  are 
prepared  represent  major  economic  decisions. 
Additionally,  DOD  has  lacked  a strong  central- 
ized authority  to  formulate  and  enforce  com- 
prehensive specification  policy.  This  is  not  to 
denigrate  the  long  history  of  military  efforts 
to  develop  joint  Army-Navy  specifications,  in- 
cluding the  work  of  the  Munitions  Board  and 
later  the  Defense  Supply  Management  Agency, 
the  Armed  Forces  Supply  Support  Center  and, 
finally,  the  Defense  Supply  Agency.  Nonethe- 
less, strong  central  authority  over  specifications 
has  been  lacking. 

The  manner  in  which  the  specification  prob- 
lem is  resolved  has  an  immediate  impact  on 
cost  of  procurement,  competition,  provisioning, 
and  weapons  reliability.  Unless  the  specifica- 
tion problem  is  solved  in  a rational  and  com- 
prehensive way,  it  is  inevitable  that  the  vast 
array  of  nonstandard  documents  will  continue 
to  come  into  existence  in  the  form  of  expedited 
purchase  descriptions  or  in  other  forms  that  do 
not  contribute  to  permanent  improvement  in 
procurement  management  and  make  it  almost 
impossible  to  control  specification  proliferation. 
It  is  of  salient  importance  that  specifications 
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be  prepared  in  accordance  with  explicit  con- 
cepts and  rules  to  assure  fairness  in  competi- 
tion and  to  protect  the  integrity  of  materiel 
acquired  by  DOD.  I am  of  the  opinion  that 
“buy  in”  practices  are  encouraged  by  oppor- 
tunities for  specification  interpretation  giving 
a contractor  an  opportunity  to  assert  substan- 
tial claims  to  avoid  a loss  contract  due  to  a 
buy  in. 

Summary 

Specifications  as  a contractual  instrument 
serve  the  dual  purpose  of  assuring  that  the 
product  or  service  contracted  for  is  correctly 
defined  and  that  the  Government  will  be  assured 


through  contractor  responsibility  that  the  prod- 
uct tendered  by  the  contractor  is  of  the  defined 
quality  and  reliability. 

I view  the  specification  as  a contractual  docu- 
ment from  the  reference  point  of  field  experi- 
ence including  participation  in  litigated  cases 
as  a contracting  officer.  Each  of  us  views 
matters  from  different  reference  points  and  the 
views  are  different.  The  specifications  as  a 
contractual  document  can  be  improved  by  estab- 
lishing a centralized  control  of  all  significant 
specification  interpretations  involving  substan- 
tial costs.  This  would  include  a central  data 
bank  of  interpretations  which  could  be  readily 
retrieved.  The  interpretations  would  be  con- 
trolled and  reviewed  by  a technical  legal  group 
with  expertise  in  the  field  of  specification 
draftsmanship  and  interpretations.  Special 
boards  of  appeal,  technically  as  well  as  legally 
oriented,  could  be  established  to  consider  and 
promptly  resolve  specification  appeals.  This 
activity  could  later  be  decentralized  as  decen- 
tralized expertise  in  this  field  develops.  The 
central  control  group  through  study  of  board 
and  court  cases  could  establish  cannons  of  inter- 
pretations and  construction  of  specifications 
and,  after  coordination  with  industry,  seek 
appropriate  codification.  □ 


Mechanical  means  of  communica- 
tion have  their  important  places; 
but  they  are  only  ad  juncts.  None 
of  them  can  take  the  place  of 
personal  man-to-man  contact. 

— William  G.  Werner 
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The  Program  Manager 
and  the  Subcontractor: 
Hands  On  or  Hands  Off? 


0 n almost  every  defense  system  acquisition 
program,  subcontracts  account  for  more  than 
half  of  the  prime  contractor’s  costs.  One  prime 
contractor,  for  example,  subcontracts  66  per- 
cent of  a missile  program  while  two  others  have 
subcontracted  60  to  70  percent  of  aircraft  and 
destroyer  programs,  respectively. 

A general  idea  of  the  value  of  subcontracts 
can  be  gained  from  a recent  report  of  the  Gen- 
eral Accounting  Office  (GAO).^  The  Comptrol- 
ler General  estimates  that  116  Army,  Navy  and 
Air  Force  programs  will  cost  more  than  $153 
billion.  Even  after  deducting  prime  contractors’ 
fees  or  profits  and  general  administrative  ex- 
penses, it  is  apparent  that  a major  part  of  this 
outlay  will  go  to  subcontractors.  And  therein 
lies  a key  questions  for  the  DOD  program  man- 
ager: How  can  he  control  these  costs  when  he 
has  no  direct  access  to  subcontractors? 

The  DOD  program  manager’s  contract,  being 
with  the  prime  contractor,  precludes  a direct 
legal  relationship  with  subcontractors.  He  has 
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no  privity  of  contract  with  them  and  must 
avoid  putting  himself  in  a position  where  he, 
in  effect,  relieves  the  prime  contractor  of  re- 
sponsibility and  liability  for  subcontractors’ 
performance.  This  is  well  understood  by  DOD 
program  managers  who  have  a good  apprecia- 
tion for  chain  of  command. 

“Hands  off”  seems  to  have  become  the  guid- 
ing doctrine  in  the  program  manager’s  rela- 
tionship with  subcontractors.  But  with  the 
great  emphasis  on  costs  in  acquisition,  how  can 
the  program  manager  afford  not  to  get  more 
involved  in  subcontractor  control?  In  short, 
where  in  practice  is  the  dividing  line  between 
hands  on  and  hands  off? 

Guidance  and  Doctrine 

Official  and  unofficial  guidance  is  remarkably 
sparse  on  subcontracts,  particularly  regarding 
the  management  aspects  as  distinguished  from 
the  legal  relationship. 

Section  XXV  of  the  Armed  Services  Procure- 
ment Regulation  (ASPR)  treats  subcontracts 


* “Cost  Growth  in  Major  Weapon  Systems,"  Report 
by  the  Comptroller  General  to  the  Committee  on  Armed 
Services,  House  of  Representatives,  March  26, 197S,  p.  1. 
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briefly.  One  section  of  the  regulation  deals  with 
evaluating  and  reviewing  prime  contractors’ 
procurement  systems.  Another  section  concerns 
the  Government’s  right  to  approve  subcontracts 
proposed  by  the  prime  contractor. 

Tucked  away  in  the  next  to  last  paragraph 
of  Military  Standard  881  on  Work  Breakdown 
Structure  (WBS)  is  another  statement  regard- 
ing subcontracts:  “The  prime  contractor  shall 
be  responsible  for  traceable  summarizations  of 
subcontractor  data  supporting  his  prime  con- 
tract WBS  elements.  The  prime  contractor  may 
negotiate  any  WBS  with  a subcontractor  that 
permits  the  prime  contractor  to  fulfill  his  con- 
tract WBS  requirements  and  which  provides 
adequate  control  of  the  subcontractor.’’ 

Beyond  these  two  directives  are  incidental 
references  to  subcontracts  in  documents  such 
as  DOD  Instruction  7000.2,  “Performance 
Measurement  for  Selected  Acquisitions,’’  and 
the  Handbook  on  Cost  Information  Reports. 
The  role  of  the  DOD  program  manager  in  sub- 
contractor management,  however,  has  received 
scant  attention. 

Reasons  for  Subcontracting 

It  is  apparent  that  whatever  action  the  DOD 


program  manager  takes  with  regard  to  sub- 
contractors must  be  exercised  through  his 
prime  contractor.  This  article  will  consider 
some  of  the  measures  he  can  take  to  ensure 
adequate  control. 

At  the  outset,  a natural  question  arises : Why 
do  prime  contractors  subcontract  so  much  of 
their  work? 

First,  there  are  fewer  defense  systems  being 
procured  although  systems’  dollar  magnitude 
has  increased.  This  means  there  are  fewer 
prime  contractors.  As  a result  many  former 
prime  contractors  are  increasingly  assuming  a 
subcontractor  role,  as  well  as  occasionally  being 
a prime  contractor. 

Another  reason  for  subcontracting  is  that  as 
systems  have  grown  in  complexity,  prime  con- 
tractors have  necessarily  subcontracted  for  sub- 
systems outside  their  in-house  expertise.  Pro- 
pulsion, guidance  and  control  and  electronic 
subsystems,  for  example,  are  typically  subcon- 
tracted by  airframe  contractors. 

Subcontracting  gives  a prime  contractor  flex- 
ibility in  coping  with  the  accordion-like  re- 
quirements of  defense  procurement  while  main- 
taining a relatively  stable  in-house  base  of  skills 
and  facilities.  It  dampens  the  effect  of  a com- 
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pany’s  expanding  and  contracting  to  accom- 
modate changing  DOD  requirements. 

Whatever  the  reason  for  subcontracting,  sub- 
contracts are  often  so  large  that  they  are,  in 
fact,  subprograms  projectized  and  managed  in 
a manner  similar  to  that  of  the  prime  contrac- 
tors and  the  Military  Services.  Subcontractors 
tAvo  and  three  tiers  below  the  prime  may  also 
have  a program  manager,  program  organiza- 
tion, and  plans,  controls  and  objectives  corre- 
sponding to  those  of  the  DOD  program  man- 
ager and  his  counterpart  in  industry,  the  prime 
contractor  program  manager.  The  techniques 
and  principles  of  program  management  apply 
at  these  lower  levels,  just  as  they  do  at  the  level 
of  the  DOD  program  manager. 

Who  Manages  the  Subcontractors? 

Let’s  look  now  at  some  actions  the  DOD  pro- 
gram manager  can  take  to  ensure  that  his  pro- 
gram’s subcontracted  dollar  is  well  spent,  with- 
out his  becoming  directly  involved  with  the 
subcontractor. 

Sometimes  the  fault  for  loss  of  subcontrac- 
tors’ control  of  costs  is  traceable  to  the  prime 
contractor  and,  more  specifically,  to  the  matter 
of  who  in  the  prime’s  organization  has  respon- 
sibility for  what.  On  a large  aerospace  program 
a few  years  ago  a company’s  program  engineer 
for  propulsion  assumed  that  he  had  full  respon- 
sibility for  both  in-house  and  subcontract  pro- 
pulsion work  because  a documented  company 
policy  assigned  this  responsibility  to  the  pro- 
gram engineer.  At  the  same  time  a subcontract 
administrator  in  the  prime  contractor  organi- 
zation assumed  he  had  full  responsibility  for 
propulsion  subcontracts  on  the  program  be- 
cause another  numbered  company  policy  as- 
signed responsibility  for  subcontracts  to  the 
procurement  organization.  Company  manage- 
ment was  (and  may  still  be)  unaware  of  these 
conflicting  directives.  The  net  result  was  that, 
although  it  was  clear  to  the  individuals  involved 
who  was  responsible  for  strictly  technical  and 
subcontract  administration  aspects,  neither 
was  directly  responsible  for  cost  or  schedule 
management  and  neither  took  effective  steps  to 
control  the  two  propulsion  subcontractors.  The 
company’s  program  manager,  more  interested 
in  technical  aspects  than  in  cost  and  controls, 
assumed  no  direct  responsibility  for  subcon- 
tract management.  Costs  galloped  out  of  con- 


trol while  progress  inched  along  on  subcon- 
tractors’ work. 

Eventually  the  program  manager  and  his 
Government  counterpart  were  both  replaced, 
largely  because  subcontract  overruns  contrib- 
uted to  a general  loss  of  control. 

If  responsibility  for  subcontract  or  subpro- 
gram control  is  poorly  defined  in  the  prime  con- 
tractor’s organization,  it  is  easy  to  imagine  how 
confusing — and  costly — this  lack  of  definition  is 
to  the  subcontractor  who  may  be  subject  to 
conflicting  directions  from  the  prime’s  program 
manager,  program  engineer,  subcontract  ad- 
ministrator, general  manager,  director  of  pro- 
curement and  perhaps  his  controller. 

The  DOD  program  manager  can  preclude 
this  situation  by  obtaining  from  the  prime  con- 
tractor a documented  statement  saying  who  has 
specific  responsibilities  for  cost,  schedule  and 
technical  performance  on  each  subcontract,  and 
the  prime  program  manager’s  responsibilities 
for  subcontractor  performance.  Equally  im- 
portant, the  DOD  program  manager  should 
verify  that  subcontractors  also  receive  such  a 
statement;  otherwise  the  effects  of  fragmented 
responsibility  are  sure  to  hit  him  in  the  pocket- 
book  sooner  or  later. 

Plans  and  Controls 

The  Cost/Schedule  Control  Systems  Criteria 
(C/SCSC)  can  aid  greatly  in  subcontract  con- 
trol if  a subcontractor  has  a validated  C/SCSC 
system.  Many  prime  contractors,  in  fact,  prefer 
to  team  with  a subcontractor  who  has  a vali- 
dated cost/schedule  control  system  because  it 
provides  greater  visibility  into  program  status 
and  subcontract  administration  is  less  costly. 
C/SCSC  also  helps  to  ensure  that  the  subcon- 
tractor’s plan  is  practical,  comprehensive  and 
meshes  with  the  prime’s  program  plan. 

There  is  another  area  which  might  be  termed 
“rigor”  that  is  important  in  the  prime  con- 
tractor’s management  of  subprograms. 

A subprogram  manager  learns  very  quickly 
whether  his  customer,  the  prime  contractor’s 
program  manager,  has  tight  or  loose  reins,  just 
as  the  prime  contractor  discovers  this  about  his 
Defense  Department  counterpart.  Where  re- 
sponsiveness is  demanded,  the  subcontractor 
will  be  more  apt  to  stay  on  top  of  his  work. 
Laxness  on  the  other  hand  invites  unrespon- 
siveness and,  usually,  higher  costs.  “Rigor”  here 
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does  not  mean  detail.  It  means  the  insistence  on 
the  prime  and  the  subcontractor  each  doing 
what  they  said  they  were  going  to  do. 

Bearing  in  mind  that  the  DOD  program  man- 
ager must  take  action  through  the  prime  con- 
tractor, some  of  the  measures  he  can  take  to 
ensure  rigorous  management  are  these: 

• Verifying  the  prime  receives  subcontrac- 
tors’ planning  documents  and  reports  on  the 
day  they  are  due,  rather  than  the  following  day 
or  later — and  ensuring  corrective  action  is 
taken  if  they  are  not  promptly  received. 

• Detecting  informal  reports  or  reports 
other  than  those  required  by  the  prime’s  con- 
tract with  the  subcontractor.  The  existence  of 
preliminary  or  working  reports  usually  indi- 
cates those  required  by  contract  have  deteri- 
orated to  eyewash  (“.  . . the  reliability  problem 
reported  in  June  is  being  resolved  through  ag- 
gressive management  action.  . . . ”). 

• Determining  the  effectiveness  of  corrective 
actions  taken  by  the  prime  when  the  subcon- 
tractor reports  deviations  from  his  approved 
plan. 

• Reviewing  the  subcontractor’s  reports,  on 
a spot-check  basis  at  the  prime’s  facility,  for 
meaning  and  timeliness;  and  comparing  these 
reports  with  the  prime’s  report  to  the  Govern- 
ment for  the  same  period. 

By  rotating  his  staff  through  attendance  at 
the  prime  contractor’s  facility,  the  DOD  pro- 
gram manager  can  greatly  increase  his  visi- 
bility into  how  his  program’s  dollar  is  being 
managed. 

As  a corollary,  the  prime  contractor’s  pro- 
gram manager  will  almost  always  become  more 
attentive  to  managing  his  subcontractors  when 
he  knows  his  customer  has  this  visibility. 

Progress  Reviews 

Occasionally,  early  in  his  program,  the  DOD 
program  manager  should  pick  up  his  phone  and 
ask  his  prime  contractor  counterpart,  “Char- 
lie? I’d  like  to  sit  in  on  your  next  progress 
review  with  Delta  (subcontractor)  on  the  guid- 
ance subsystem.  Is  that  okay  with  you?’’  His 
industry  counterpart  may  be  thinking,  “Prog- 
ress review?  I don’t  know  about  any  progress 
review.’’  But,  quick  on  his  feet,  he  responds, 
“Sure  thing,  Fred.  I’m  not  sure  just  when  my 
guys  have  it  scheduled,  but  I’ll  get  back  in  touch 


with  you.’’  Then  he  scrambles  to  schedule  a 
review,  sets  up  an  agenda,  and  calls  back. 
“Hello,  Fred?  Our  next  regular  quarterly  re- 
view is  scheduled  at  Delta  for  the  11th  of  next 
month.  Why  don’t  you  come  out  and  join  us 
there?’’ 

In  accompanying  the  prime  on  his  visit  to 
the  subcontractor,  the  DOD  program  manager 
must  scrupulously  avoid  giving  direction  to  the 
subcontractor  but  he  can  ask  any  number  of 
questions.  Based  on  his  staff’s  review  of 
the  prime’s  subcontract  management  and  on 
the  DCAS  or  plant  representative’s  surveil- 
lance, he  will  know  what  questions  to  ask  and 
how  to  evaluate  the  answers. 

If  the  subcontractor  has  a project  con- 
trol center,  he  can  also  ask  to  review  the  sub- 
contractor’s plans  and  controls,  including  the 
plans  and  controls  of  lower  tier  subcontractors. 
And  the  DOD  program  manager  can,  of  course, 
at  any  time  give  pertinent  directions  to  the 
prime  contractor’s  program  manager. 

Summary 

The  most  effective  action  in  subcontracts 
management  by  DOD  is  the  point  at  which  the 
subcontractor  is  selected.  After  this,  time  effec- 
tively locks  in  a subcontractor,  just  as  it  does 
a prime  contractor. 

There  are  subsequent  actions  the  DOD  pro- 
gram manager  can  take  in  subcontractors' 
management,  even  though  he  has  no  privity  of 
contract  and  must  exercise  control  through  his 
prime  contractor.  He  can  (must)  ascertain  that 
responsibility  for  subcontractor  management  is 
clearly  defined,  for  both  the  prime  and  subcon- 
tractor organizations.  He  can  determine  the 
effectiveness  of  the  subcontractor’s  plans  and 
controls,  and  the  prime’s  rigor  in  demanding 
the  subcontractor  meet  program  requirements. 
He  can  also  take  part  as  an  observer  in  reviews 
of  subcontractors’  performance,  in  company 
with  the  prime. 

These  measures  are  not,  of  course,  all-inclu- 
sive. But  they  are  indicative  of  steps  the  DOD 
program  manager  can  take  in  controlling  the 
bulk  of  his  contract  costs,  while  keeping  a 
“hands  off’’  attitude  toward  subcontractors. 
The  magnitude  of  defense  procurement  and 
the  ever  present  money  crunch  demand  that  the 
DOD  program  manager  find  ways  to  get  the 
most  for  his  program’s  subcontract  dollar.  □ 
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Government  Property  Management: 
Criticism  Versus  Cost 


'J'he  theory  of  a free  enter- 
prise  economy  visualizes  the  tools 
and  equipment  for  production 
belonging  to  the  individual 
manufacturers  that  compete  in 
the  marketplace.  Government 
ownership  of  production  facili- 
ties would  appear  to  be  an  anath- 
ema. The  Government,  however, 
does  own  various  types  of  pro- 
duction equipment  and  furnishes 
these  items  to  commercial  enter- 
prises for  use  on  more  than 
30,000  Government  contracts. 
This  deviation  from  private 
ownership  is  necessitated  by  the 
highly  complex  and  specialized 
nature  of  military  items,  the 
advanced  state  of  technology 
and  the  lack  of  commonality  be- 
tween military  and  commercial 
products. 


Government  property  is  de- 
fined in  Section  13  of  the  Armed 
Services  Procurement  Regula- 
tion (ASPR)  as  all  property 
owned  by  or  leased  to  the  Gov- 
ernment, or  acquired  by  the 
Government  under  the  terms  of 
a contract.  Generally  Govern- 
ment property  is  subdivided  into 
five  categories: 

• Material  incorporated  into 
an  end  item  under  the  contract. 

• Military  weapon  systems 
and  supporting  equipment  pecu- 
liar to  military  operations. 

• Special  test  equipment  such 
as  electrical,  hydraulics,  me- 
chanical or  other  items  limited 
to  testing  a particular  develop- 
ment or  product. 

• Special  tooling  such  as  jigs, 
dies,  molds,  etc.,  specifically  de- 


signed for  a certain  production. 

• Facilities  used  for  produc- 
tion including  real  property,  in- 
dustrial plant  equipment  (those 
items  used  for  the  shaping, 
forming  or  actual  production 
that  cost  $1,000  or  more  and 
are  delineated  in  regulatory 
publications)  and  other  plant 
equipment. 

Although  it  is  the  policy  of 
the  Federal  Government  that 
the  contractor  will  furnish  all 
the  means  of  production  re- 
quired for  contract  performance, 
the  Government  will  acquire  and 
provide  the  required  equipment 
for  reasons  of  economy  or  other 
appropriate  circumstances.  Each 
of  the  five  types  of  property 
described  is  furnished  to  a con- 
tractor by  the  Government  or 
he  is  permitted  to  acquire  it  for 
specific  reasons.  To  ensure 
standardization,  for  example, 
the  Government  might  furnish 
the  cloth  for  the  manufacturing 
of  uniforms.  Military  property 
such  as  an  Army  tank  could  be 
provided  for  testing  a con- 
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tractor’s  military  end  item.  It 
behooves  the  Government  to 
furnish  the  contractor  special 
tooling  and  test  equipment 
highly  distinctive  in  nature  from 
existing  stocks,  if  available, 
rather  than  require  new  manu- 
facture or  new  procurement 
that  would  result  in  increased 
contract  costs.  If  such  items  are 
not  available  and  yet  required, 
the  Government  reserves  the 
right  to  take  title  to  the  prop- 
erty upon  contract  completion 
and  it,  therefore,  becomes  Gov- 
ernment property. 

The  Defense  Contract  Ad- 
ministration Services  (DCAS), 
a major  component  of  the 
Defense  Supply  Agency,  was 
created  for  the  explicit  purpose 
of  administering  the  terms  and 
conditions  of  contracts  entered 
into  between  DOD  procurement 
activities  and  private  industry. 
DCAS  data  serves  as  a vehicle 
for  pursuing  the  analysis  in  this 
article.  Since  all  DOD  activities 
that  administer  contracts  are 
bound  by  the  same  regulations, 
the  theory  will  apply  across  the 
board. 

Magnitude 

As  of  June  30,  1971,  DCAS 
was  administering  contracts 
using  the  following  amounts  of 
Government  property: 


Material 

$ 743  million 

Military 

Property 

993 

Special  Tooling 

772 

Special  Test 

Equipment 

647 

Facilities 

2,178 

Total 

$5,285  million 

In  view  of  the  high  Gross 
National  Product,  this  amount 
may  not  seem  like  much  but  it 
represents  an  investment  of 
more  than  $20  by  each  American 
citizen.  Another  way  to  judge 
the  order  of  magnitude  confront- 
ing DCAS  property  manage- 
ment is  by  comparison  with  in- 
dustry. Of  the  500  largest  cor- 
porations in  the  country,  only 
37  have  more  than  $5.25  billion 
invested  in  assets.  Obviously 
property  administration  is  big 
business. 

Present  DCAS  Method 

The  DCAS  Industrial  Prop- 
erty Management  Division  has 
the  responsibility  of  assuring 
that  Government  property,  pro- 
vided to  a contractor  for  the 
performance  of  his  contract,  is 
properly  used,  cared  and  ac- 
counted for  and,  when  no  longer 
required  for  contract  perform- 
ance, reported  for  redistribution 
and  reutilization.  Under  the 
terms  of  his  contract,  the  con- 
tractor is  accountable  and  re- 
sponsible for  the  property  en- 
trusted to  his  care  and  required 
to  maintain  the  official  Govern- 
ment property  records.  Indus- 
trial property  administration 
takes  into  consideration  the 
requirements  of  particular  con- 
tracts and  also  evaluates  the 
basic  system  of  property  man- 
agement as  applied  by  the 
contractor. 

The  actual  function  of  indus- 
trial property  administration  is 
accomplished  by  testing  and 
evaluating  the  contractor’s  sys- 
tem of  property  accounting  and 
control.  Entailed  is  a review  and 
assessment  of  the  contractor’s 
procedures  and  a periodic  sur- 
vey of  the  system  related  to 


predetermined  applicable  cate- 
gories of  property  control, 
namely : acquisition,  receiving, 
records,  storage  and  movement, 
consumption,  utilization,  main- 
tenance, physical  inventories, 
subcontract  control,  disposition 
and  reports.  The  review  covers 
the  contractor’s  methods  and 
techniques  of  property  manage- 
ment and  is  conducted  on  a ran- 
dom statistical  sampling  basis. 
This  effort  develops  a conclusion 
that  the  contractor’s  system  is 
either  satisfactory  or  unsatis- 
factory when  compared  to  a 
table  of  limits  permitting  a 
tolerance  for  error.  The  princi- 
pal service  of  the  DCAS  prop- 
erty administration  function  is 
to  ascertain  whether  or  not  the 
contractor’s  system  and  prac- 
tices of  property  management 
provide  protection  of  Govern- 
ment property.  When  a contrac- 
tor’s system  is  found  deficient 
in  this  respect,  he  must  correct 
and  improve  his  system  so  he 
can  achieve  and  maintain  a pre- 
scribed standard  of  care  and 
control. 

In  March  1972,  DCAS  had 
220  property  administrators 
working  to  ensure  the  4,308  con- 
tractor systems  were  maintained 
in  an  acceptable  condition.  On  a 
nationwide  average,  each  prop- 
erty administrator  then  was  re- 
sponsible for  19.6  systems  with 
a total  of  138  contracts  and  a 
dollar  value  of  Government 
property  slightly  over  $24  mil- 
lion. This  is,  indeed,  an  awe- 
some individual  responsibility. 
Because  of  the  immensity  of  the 
workload,  use  of  the  system 
approach  appears  to  be  the  most 
economical  means  of  safeguard- 
ing the  Government’s  invest- 
ment. However,  the  system 
method  is  neither  the  perfect 
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solution  nor  does  it  provide  100- 
percent  protection.  It  is  an 
attempt  to  get  the  most  for  the 
least.  There  are  bound  to  be 
holes  in  this  type  procedure  and 
errors  and  mistakes  will  be 
made. 

Criticism 

The  management  of  Govern- 
ment property  is  audited  by 
the  General  Accounting  Office, 
the  Defense  Supply  Agency’s 
Auditor  General,  the  Defense 
Contract  Audit  Agency,  the 
DCAS  Management  Review 
Team  and  other  organizations 
who  are  responsible  for  in-depth 
reviews  and  analyses  of  this 
activity.  Basically  deficiencies 
stem  from  two  sources:  unclear 
or  ambiguous  terms  in  the 
ASPR  and  the  fact  that  neither 
the  property  administrators  nor 
the  system  approach  can  guar- 
antee 100-percent  effectiveness. 

To  illustrate  the  former, 
ASPR  requires  the  prior  written 
approval  of  the  contracting  offi- 
cer for  any  non-Government  use 
of  active  Government  owned  in- 
dustrial plant  equipment.  Before 
non-Government  use  exceeding 
25  percent  may  be  authorized, 
approval  must  be  obtained  from 
the  Secretary  of  the  Department 
concerned.^  Additionally,  non- 
Government  use  of  machine 
tools  and  secondary  metal  form- 
ing and  cutting  machines  in 
excess  of  25  percent  of  the  time 
the  property  is  available  for  use 
previously  required  the  approval 
of  the  Office  of  Emergency  Pre- 
paredness (OEP)  through  the 
Assistant  Secretary  of  Defense 
(Installations  and  Logistics). 
Now  that  OEP  has  been  abol- 


^ ASPR  13-A05,  April  30,  1971,  Rev. 
9,  pp.  13U3-U. 


ished  and  its  functions  trans- 
ferred to  other  agencies,  this 
ASPR  requirement  must  be  re- 
vised. 

The  term  “available  for  use” 
caused  considerable  concern  be- 
cause a wide  variety  of  defini- 
tions were  applied.  Recently 
DCAS  issued  a policy  clarifica- 
tion of  ASPR’s  intent  that 
should  rectify  this  problem 
area.  The  ASPR  Committee 
should  clarify  this  subject. 

In  another  case,  the  ASPR 
requires  the  contractor  to  main- 
tain a financial  account  of  the 
items  entrusted  to  his  care. 
DCAS  believes  this  accounting 
record  is  required  for  the  annual 
financial  report  to  satisfy  pro- 
visions of  Appendix  B and  C 311 
of  the  ASPR,  while  the  auditor 
envisions  the  contractor  estab- 
lishing a new  and  separate  set 
of  records  providing  a similitude 
of  checks  and  balances.  This  dis- 
agreement helps  substantiate 
the  claim  of  ambiguity  in  the 
ASPR  and  indicates  manage- 
ment time,  which  is  being  in- 
appropriately used,  could  be  ap- 
plied to  improve  property  ad- 
ministration. Although  DCAS 
conducted  studies  and  a pilot 
test  that  showed  duplicate  rec- 
ords were  of  dubious  value  and 
only  increased  contract  costs, 
this  problem  is  still  not  resolved. 

The  charge  that  the  systems 
approach  is  not  foolproof  is  re- 
flected in  two  major  areas  of 
criticism  of  DCAS  property 
administration : the  unauthor- 
ized use  of  industrial  property 
equipment  (IPE)  and  the  un- 
timely reporting  of  excess  IPE. 
It  has  been  said  that  locks  only 
keep  honest  people  honest  and 
the  same  analogy  may  be 
applied  to  property  administra- 
tors (PAs).  If  a contractor 
wants  to  cheat  the  Government, 


he  may  eventually  be  caught  by 
one  of  the  review  processes  but 
there  is  no  guarantee  that  the 
PA  will  uncover  the  problem. 

Cost  versus  Criticism 

To  provide  complete  assur- 
ance that  the  contractors  do  not 
use  IPE  for  unauthorized  pur- 
poses and  promptly  report  ex- 
cess IPE  could  require  one  man 
for  each  of  the  more  than  90,000 
separate  items  of  IPE  now  in 
active  use.  This,  of  course,  is 
ludicrous.  To  compare  cost 
versus  criticism  for  property 
management,  assume  that  the 
average  PA  receives  $10,000 
annually  including  salary,  fringe 
benefits  and  overhead.  The  an- 
nual cost  for  DCAS  property 
management  would  then  be  $2.2 
million.  This  is  a property  safe- 
guarded to  cost  ratio  of  2402  to 
1.  The  probability  of  error  free 
administration  would  lie  some- 
where on  the  vertical  dotted  line 
of  Figure  1.  Further,  if  the 
number  of  PAs  were  increased 
to  provide  one  per  system,  it 
would  assure  99  percent  error 
free  administration.  The  cost 
would  then  be  $43  million  and 
the  ratio  123  to  1.  This  is  point 
Y of  Figure  1. 

To  carry  this  analysis  one  step 
further,  assume  that  each  prop- 
erty management  system  that  is 
not  error  free  receives  criticism 
by  audit  teams  and  this  costs 
$20,000  as  a penalty  for  time, 
energy  and  embarrassment.  It  is 
agreed  at  the  outset  that  this 
number  is  soft,  but  it  does  equal 
two  man  years  in  the  computa- 
tions. Therefore  the  new  ap- 
proach would  cost  $43  million  -f 
(.01)  (4300  systems)  ($20,000 
penalty)  = $43,860,000.  This  is 
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shown  as  part  of  a decision  tree 
in  Figure  2. 

To  ascertain  the  maximum 
percentages  of  bad  systems  that 
could  exist  under  the  present 
method  and  still  cost  less  than 
the  new  process  simply  use  the 
formula  $2.2  million  (A)  + 
(1  — A)  (2.2  million)  + (1  — A) 
(4300)  (20,000)  = $43.86  mil- 
lion, where  A = % of  error  free 
systems.  This  leads  to  the  next 
decision  branch  (Figure  3). 

Therefore,  if  DCAS  has  an 
error  free  rate  greater  than  51.5 
percent  (point  Z of  Figure  1), 


the  better  and  less  expensive 
course  of  action  is  the  present 
method.  It  is  interesting  to  note 
that  if  the  penalty  cost  was 
raised  to  $50,000  the  present 
method  would  be  better  if  80 
percent  or  more  of  the  systems 
were  error  free.  This  would 
leave  860  systems  deficient, 
which  is  about  the  number  of 
deficient  systems  DCAS  detects 
and  corrects  annually,  and  it  far 
exceeds  the  number  disclosed  by 
reviewing  activities.  In  the  real 
world,  however,  we  do  not  know 
how  many  systems  are  error 


free  although  a best  estimate 
would  be  90  to  99  percent. 
Therefore  we  do  not  have  a 
starting  point  on  line  X of 
Figure  1,  and  the  slope  of  the 
line  from  this  starting  place  to 
point  Y is  also  unknown. 
Consequently,  one  must  judge 
the  incremental  cost  increase 
versus  the  incremental  decrease 
in  penalty  or  embarrassment 
cost  before  criticizing  the  pres- 
ent procedure. 

Summary 

If  a golden  property  mouse- 
trap is  not  economically  feasi- 
ble, we  must  live  with  the  pres- 
ent system  and  improve  it  to 
provide  the  most  benefit  for  the 
least  expenditure.  Regulations 
must  be  clarified  so  contractors 
and  all  Government  officials  can 
agree  on  their  meaning  and  in- 
tent. Through  studies  and  tests, 
improvement  on  the  present 
system  approach  can  be  made 
for  selective  disengagement  (re- 
duced system  surveys)  from 
those  contractors  who  have  low 
dollar  value  of  Government 
property  and  those  who  have 
consistently  demonstrated  un- 
questionable care  of  such  items. 
Then,  DCAS  property  adminis- 
trators may  be  used  more  judi- 
ciously to  assure  proper  man- 
agement on  those  systems  that 
heretofore  required  more  atten- 
tion while  austere  conditions 
limited  available  personnel  to 
perform  the  effort.  The  fore- 
going analysis  appears  to  verify 
that  the  systems  approach  to 
property  management,  while  not 
perfect,  is  the  most  economical 
and  efficient  method  now  avail- 
able for  protecting  Government 
property  furnished  to  industry 
for  use  in  defense  contract 
performance.  □ 
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Conservation  Is  Necessary 


DOD  Faces  Fuel  Shortage: 
Future  Will  Be  Difficult 


^)ver  the  years  there  have  been  many  changes 
in  the  petroleum  environment  in  which  the 
Military  Services,  and  the  Nation  as  a whole, 
must  exist.  Surveying  today’s  scene  one  can 
only  conclude  that  on  balance  those  changes 
have  not  been  beneficial  and,  contrary  to  what 
is  said,  they  are  not  a recent  phenomenon. 
They  were  visible  for  a long  time  before  assum- 
ing the  menacing  proportions  of  an  oncoming 
tornado.  Yet,  while  they  may  have  been  visible, 
they  were  heeded  by  few. 

The  petroleum  security  of  the  United  States 
began  running  gently  downhill  in  the  middle 
1950s,  and  steepened  its  decline  in  the  1960s. 
The  decline  has  now  approached  the  propor- 
tions of  an  avalanche,  and  like  an  avalanche, 
it  will  have  to  run  its  course  for  there  is  no 
quick  or  easy  way  of  arresting  the  adverse 
progress  of  events. 


by  Richard  T.  Mathews 
Assistant  for  Petroleum  Matters 
OASD  (l&L) 


A few  years  ago  we  basked  in  the  warm 
assurance  of  secure  and  adequate  supplies  of 
petroleum  fuels,  whatever  our  needs  and  what- 
ever the  course  of  events.  Today  that  assurance 
is  gone.  The  Nation  now  stands  exposed  to 
the  risks  of  oil  denials  which  might  stem  from 
political,  economic  or  military  causes.  In  the 
nearer  term  we  lack  significant  capability  to 
compensate  for  the  energy  shortages  which 
would  result  from  such  denials.  How  then  did 
we  come  to  this  condition? 

New  Oil  Difficult  To  Find 

Geologists  tell  us  the  United  States  may  have 
originally  had  over  700  billion  barrels  of  dis- 
coverable oil.  That’s  a lot  of  oil,  but  we  have 
already  discovered  over  half  of  it  and  have 
consumed  most  of  that  which  can  be  produced 
from  those  discoveries.  Worse,  the  greater  por- 
tion of  the  discoveries  was  found  more  than 
30  years  ago.  With  the  outstanding  exception 
of  Prudhoe  Bay,  new  finds  are  harder  and 
harder  to  come  by.  The  downturn  in  explora- 
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tion  began  in  the  late  1950s  and  has  continued 
ever  since.  The  development  of  new  reserves 
ebbed,  while  demand  steadily  rose  and  we 
slowly  eroded  our  spare  producing  capacity. 
Then,  in  1967,  imports  exceeded  spare  capacity 
for  the  first  time  and  we  became  an  oil  deficit 
nation. 

Several  other  factors  entered  the  oil  equa- 
tion and  began  to  contribute  to  that  deficit. 
Rising  affluence  created  ever  increasing  demand 
for  petroleum  fuel.  New  gas  discoveries  began 
to  fall  short  of  replacing  production  and  the 
environmental  issue  appeared,  helping  to  in- 
crease the  demand  for  gas  to  replace  dirty  oil 
and  dirtier  coal  and  forcing  excessive  consump- 
tion of  petroleum  resources  in  the  quest  for 
cleaner  air  and  water.  During  the  last  five  years, 
additional  factors  have  combined  to  produce 
petroleum  demands  far  beyond  those  previously 
foreseen,  while  simultaneously  inhibiting  the 
use  of  abundant  fuels  such  as  coal  and  uranium. 
Enormous  demands  have  been  put  on  oil  and 
gas  just  as  those  two  fuels  reached  their  maxi- 
mum production  capacity  in  this  country  and 
approached  a period  of  decline. 


The  only  ready  answer  to  the  gaps  in  energy 
supply  thus  created  was  to  import  more  oil. 
Since  1970,  oil  imports  have  grown  at  an 
accelerating  pace  and  this  year  they  will  pro- 
vide about  35  percent  of  all  the  oil  and  over 
15  percent  of  the  energy  consumed  in  this 
country.  Since  1971  the  Western  Hemisphere 
has  been  a net  oil  deficit  region,  necessi- 
tating increased  oil  imports  from  Eastern 
Hemisphere  sources,  mostly  in  the  Arabian 
Gulf  area  of  the  Middle  East. 

Another  factor  contributing  to  our  difficulties 
is  that  there  is  not  a single  new  refinery  under 
construction  in  this  country.  The  existing  re- 


fining industry  is  only  marginally  capable  of 
meeting  today’s  demand,  if  you  don’t  count 
residual  fuel  which  is  already  heavily  depend- 
ent on  imports.  Demand  for  1975  is  projected 
to  increase  by  nearly  2 million  barrels  a day 
more  than  in  1973,  before  any  significant  new 
refinery  capacity  can  possibly  come  on  stream. 
Obviously  1973  is  the  last  year  in  which  we  will 
see  large  increases  in  crude  oil  imports.  Lacking 
the  refineries  to  process  more  crude,  the  United 
States  will  probably  have  to  turn  increasingly 
to  product  imports  in  the  coming  years  to 
ensure  adequate  supply  and  avoid  shortages. 

Fuel  Availability  Lessens 

So  much  for  background.  Where  are  we  now, 
and  what  can  we  look  for  in  the  years  ahead  ? 

In  our  current  energy  situation,  interrupti- 
ble customers  of  natural  gas  lost  their  supply 
with  increasing  frequency  last  winter,  forcing 
them  to  turn  to  oil  products  which  are  also  in 
short  supply.  The  shortage  of  heating  oil  has 
impacted  on  the  supply  of  diesel  fuel.  During 
the  summer  of  1972  there  were  tight  spots  in 
the  gasoline  markets.  This  summer  I expect 
there  will  be  much  more  tightness  and  spot 
shortages  are  not  out  of  the  question.  Even 
crude  oil  has  been  a problem.  Refiners  in  the 
United  States,  and  in  some  foreign  areas,  too, 
had  some  difficulty  last  winter  in  obtaining  the 
right  kinds  and  quantities  of  crude  to  meet 
their  needs. 

The  Department  of  Defense  has  not  been 
immune  to  these  trends.  In  September  1972, 
there  was  a distinct  lack  of  interest  in  selling 
jet  fuel  to  military  consumers.  Offers  were 
barely  adequate  to  meet  domestic  military  con- 
sumption needs,  a situation  unprecedented  in 
the  last  15  years.  Prices  were  sharply  higher 
in  all  source  areas.  The  disturbing  implications 
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of  that  procurement,  in  a few  short  months, 
were  transformed  into  very  unpleasant  real- 
ities. 

In  December  1972,  the  Defense  Fuel  Supply 
Center  failed  to  get  full  coverage  from  offshore 
refiners  on  a supplemental  jet  fuel  buy  to  meet 
Pacific  military  requirements.  A second  solici- 
tation for  a larger  quantity  was  extended  to 
both  offshore  and  domestic  refiners  in  an 
attempt  to  ensure  full  coverage.  The  offers 
covered  only  30  percent  of  the  requirement. 
Industry  offers  against  more  recent  regular 
solicitations  have  fallen  50  percent  or  more 
short  of  meeting  requirements,  and  prices  have 
climbed  35  to  40  percent,  threatening  to  add 
$400  to  $500  million  to  annual  DOD  fuel  costs 
— if  we  can  get  the  product. 

The  future  implications  of  this  situation  need 
no  elaboration.  For  the  first  time  since  World 
War  II  DOD  faces  the  possibility  it  may  not 
be  able  to  routinely  provide  all  the  fuel  needed 
by  the  Armed  Forces. 

Part  of  the  jet  fuel  problem  can  be  attributed 
to  the  lack  of  adequate  domestic  refining  capac- 
ity. Another  consideration  is  the  exploding 
naphtha  demand  for  petrochemical  feedstocks 
for  the  synthesis  of  natural  gas  and  to  aug- 
ment gasoline  plant  inputs.  Naphtha  was  only 
recently  a refining  byproduct  readily  available 
at  prices  well  below  other  product  realizations. 
Now  it  is  in  such  demand  that  buyers  who  offer 


anything  but  a favorable  long  term  contract  are 
apt  to  find  little  to  buy.  The  long  standing  DOD 
practice  of  employing  short  term  procurement 
cycles  is  no  longer  compatible  with  changing 
market  conditions  and  is  impacting  adversely 
on  our  ability  to  compete  successfully  in  today’s 
and  tomorrow’s  markets  of  scarcity.  Some  re- 
thinking appears  necessary. 

Entire  Nation  Affected 

Many  of  our  military  installations  suffered 
gas  interruptions  last  winter  and  replacement 
oil  has  become  increasingly  scarce.  The  Army 
has  had  to  ship  Arctic  diesel  fuel  by  tank  car 
and  tank  truck  from  Puget  Sound  to  Nebraska 
and  Colorado  to  keep  facilities  operational. 
Many  similar  uneconomical  movements  have 
been  required. 

DOD  has  also  been  under  considerable  pres- 
sure to  provide  assistance  from  DOD  stocks  to 
the  civil  economy.  While  willing  to  do  so,  the 
assistance  DOD  can  provide  is  woefully  in- 
adequate considering  a civil  demand  for  well 
over  3 million  barrels  per  day  of  distillate  fuels. 
The  total  quantity  DOD  can  spare  without 
interfering  with  the  military  mission  is  only 
900,000  barrels — just  a few  hours  supply. 

In  regard  to  jet  fuels,  it  is  not  only  JP-4 
that  is  in  trouble.  Just  as  the  competition  for 
naphtha  has  cut  into  the  normal  sources  of 
supply,  so  has  the  overriding  need  to  maximize 
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the  production  of  kerosene  and  No.  2 heating 
oil  cut  into  the  supply  of  commercial  jet  fuel. 
For  example,  serious  shortages  of  fuel  have 
occurred  at  Kennedy  International  Airport  in 
New  York.  Last  January  OEP  asked  the 
Department  of  Defense  to  lend  some  jet  fuel 
to  an  oil  supplier  at  Kennedy  Airport  to  main- 
tain operations. 

Future  Appears  Grim 

The  future  is  far  from  reassuring.  All  the 
adverse  conditions  previously  cited  will  prob- 
ably grow  a good  deal  worse  before  they  can 
grow  better.  Because  of  reduced  domestic  oil 
production  and  virtually  frozen  refinery  capac- 
ities, imports  of  oil  and  refined  products  will 
increase  rapidly.  We  will  become  heavily  de- 
pendent on  middle  eastern  oil  resources  and 
foreign  refineries  in  Europe  and  in  the  Western 
Hemisphere,  There  will  be  serious  adverse 
impact  on  the  balance  of  payments.  Prices  will 
continue  to  rise  as  the  producing  nations  in- 
crease their  take  from  each  barrel  produced, 
and  the  costs  of  exploration  and  development 
move  upwards.  Tight  markets  in  various  prod- 
ucts may  recur  with  increasing  frequency  and 
meeting  defense  fuel  requirements  will  become 
more  and  more  difficult.  Adequate  industry 
responsiveness  to  emergency  requirements  will 
no  longer  be  something  to  be  taken  for  granted. 
Whenever  shortages  occur,  as  they  are  likely 
to  do,  there  will  be  calls  for  DOD  to  reduce  its 
consumption  of  petroleum  and  to  make  its  in- 
ventories available  to  augment  supply. 

The  next  few  years  promise  to  be  difficult. 
Aside  from  the  parochial  problems  which  DOD 
may  encounter,  the  most  important  considera- 
tions are  those  affecting  the  Nation’s  security 
and  the  well-being  of  the  populace.  By  1980 
the  United  States  is  likely  to  be  dependent  on 
foreign  sources  for  50  percent  or  more  of  its 
oil  needs  and  25  to  30  percent  of  its  total  energy 
supply.  Much  of  the  supply  will  originate  in 
areas  with  a potential  for  political  and  eco- 
nomic unrest  which  could  impact  adversely  on 
the  supply  of  energy  fuels.  Oil  from  those  areas 
must  be  transported  to  the  United  States  over 
very  long  routes  with  a high  degree  of  vulner- 
ability to  enemy  action  in  the  event  of  war. 
Even  if  we  discount  these  dangers  to  our  future 
security,  there  is  one  additional  consideration 
which  must  command  the  Nation’s  attention 


and  spur  our  actions  if  we  are  to  sustain 
security  and  economic  vitality  in  the  years 
beyond  this  decade. 

That  consideration  is  the  simple  possibility 
the  supply  of  oil  may  not  keep  pace  with  the 
world’s  needs.  The  energy  demands  of  the  world 
are  doubling  every  10  years  or  so.  Oil  supply  is 
the  only  area  which  holds  out  the  promise  of 
fulfilling  demand  through  most  of  the  rest  of 
this  century.  The  specialists  tell  us  there  is 
enough  oil  already  found  or  likely  to  be  found 
to  supply  the  world  into  the  1990s.  But  will  it 
be  produced  at  a rate  that  will  meet  world 
requirements?  There  is  a good  possibility  it 
will  not. 

Indications  exist  in  one  producing  country 
after  another  of  a growing  awareness  of  the 
exhaustible  nature  of  the  oil  and  gas  which,  in 
most  cases,  constitutes  their  only  significant  re- 
source and  income.  Some  countries  have  already 
restricted  production  and  others  are  consider- 
ing restrictions.  Prudence  dictates  we  must 
proceed  on  the  assumption  that  by  the  end  of 
this  decade  most  of  the  world’s  oil  exporting 
nations  will  have  imposed  production  restric- 
tions in  the  interests  of  conserving  their  re- 
maining resources  and  extracting  the  maximum 
possible  financial  return  from  each  unit  of 
production.  If  that  conclusion  is  correct,  our 
petroleum  fuel  supply  in  the  1980s  will  in- 
creasingly depend  on  our  capacity  to  enlarge 
the  domestic  energy  fuel  production  base  or, 
failing  that,  an  attempt  to  outbid  our  inter- 
national friends  and  allies  for  energy  fuel 
supplies  available  in  the  world  marketplace. 

Other  Energy  Prospects 

The  picture  is  bleak  but  this  Nation  has  the 
capacity  to  reverse  the  existing  trends  and 
restore  a reasonable  degree  of  energy  self- 
sufficiency  over  the  longer  term.  Fortunately, 
the  United  States  has  large  coal  and  uranium 
resources.  Although  domestic  oil  and  gas  are 
unlikely  to  ever  again  meet  the  demand  for 
them,  there  are  still  vast  quantities  of  both 
in  the  ground  to  be  discovered  or  recovered 
from  existing  discoveries.  Both  can  be  aug- 
mented by  oil  and  gas  produced  from  coal  and 
oil  shale. 

Nearby  nations  possess  enormous  undevel- 
oped deposits  of  tar  sands  and  heavy  oils  which, 
over  time,  hold  forth  the  prospect  of  signifi- 
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cantly  contributing  to  the  hemisphere’s  fuel 
needs.  The  conflicting  needs  of  the  environment 
and  the  petroleum  fuel  industry  can  be  recon- 
ciled and  we  can  begin  once  again  to  build 
reflneries  in  this  country,  I am  confident  we 
will  soon  be  starting  on  the  long  road  back  to 
a secure  posture  in  our  petroleum  fuel  needs. 

Conservation  a Necessity 

Perhaps  the  most  important  step  which  we 
can  take  is  in  the  field  of  conservation  of  fuel. 
The  Government,  industry  and  the  public  must 
all  realign  their  thinking  concerning  fuel.  In 
the  past,  with  seemingly  unlimited  supplies  of 
any  desired  energy  fuel,  we  have  given  little 
thought  to  conservation  and  the  proper  use  of 
fuel.  We  have  been  concerned  mostly  with  cost 
or  convenience  without  regard  to  misuse  of 
premium  fuels  and  without  thought  of  ineffi- 
cient or  wasteful  use.  For  instance,  we  burn 
artificially  low  priced  natural  gas,  an  item  in 
short  supply,  under  boilers  where  coal,  which 
is  plentiful,  would  suffice.  The  Nation  must 


learn  to  conserve  the  use  of  energy  fuels  and 
avoid  waste,  to  slow  the  exponential  growth  in 
consumption.  Unless  that  growth  is  slowed, 
I doubt  any  amount  of  expenditure  and  effort 
will  suffice  to  regain  an  acceptable  degree  of 
energy  fuel  self-sufficiency  in  this  century. 

We  must  not  deceive  ourselves.  The  energy 
crisis  is  real ; it  is  far  worse  than  most  people 
recognize;  and  it  is  going  to  get  worse  before 
it  gets  better.  Fifteen  percent  of  our  energy 
supplies  are  already  dependent  on  the  suffer- 
ance of  foreign  nations  and,  before  our  best 
efforts  can  hope  to  reverse  that  trend,  that 
dependence  may  reach  30  percent  and  an  ade- 
quate supply  may  not  be  obtainable. 

There  is  no  quick,  inexpensive  route  to  energy 
security.  It  will  be  a long  hard  road,  the  journey 
will  be  very  costly  and,  probably  at  various 
times  and  in  various  places,  uncomfortable  and 
unpopular.  But  it  is  a journey  we  cannot  afford 
to  forego  if  this  Nation  is  to  remain  secure  and 
provide  a continued  high  standard  of  living 
for  its  people.  □ 
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Acquisition  Objective 

(continued  from  page  6) 

“boiler  plate.”  We  will  also  look  to  competition 
to  help  us  reduce  costs  and  improve  field  reli- 
ability. We  will  emphasize  the  competitive 
prototype  approach,  maintaining  competition 
during  the  development  phase  and  for  as  long 
thereafter  as  economically  practical. 

In  essence,  we  must  and  will  change  the  way 
of  doing  business.  To  do  this,  we  need  dedica- 
tion, proper  emphasis  and  correct  incentives. 
We  expect  the  studies  and  experiments  now 
being  pursued  will  aid  us  in  this  transition. 
We  will  also  require  understanding  and  support 
at  all  levels  of  DOD  and  industry. 

Our  objectives  are  to  acquire  low  cost, 
capable  and  reliable  defense  systems  that  we 
can  afford  to  buy  and  operate  in  sufficient 
numbers.  Only  in  this  way  will  we  be  able  to 
equip  and  maintain  military  forces  adequate 
for  national  security.  □ 


Low  Ownership  Cost 

( continued  from  page  2 A) 

and  inventory  storage  points,  training  activi- 
ties and  communications  and  data  handling 
systems.  The  costs  indicated  by  curve  II  in 
Figure  3. include  an  appropriate  proportion  of 
all  backup  costs.  Overall  costs  on  curve  II  are 
therefore  much  higher. 

The  true  increment  of  support  cost  avoidance 
possible  through  improved  reliability  is  much 
more  marked  using  full  costs.  In  reality,  less 
depot  capability  and  fewer  maintenance  per- 
sonnel with  their  associated  base  operating 
support,  training  pipelines  and  facilities  are 
required  for  the  more  reliable  system.  It  is, 
therefore,  worth  expending  a great  deal  of 
effort  to  obtain  systems  supportable  in  the 
customer’s  environment.  □ 


GSA  To  Maintain 
Procurement  Library 

The  Commission  on  Government  Procure- 
ment has  made  arrangements  with  the  General 
Services  Administration  (GSA)  for  the  mainte- 
nance of  the  library  it  has  acquired  over  the 
past  three  years.  The  library  contains  an  ex- 
tensive body  of  literature  on  procurement  as 
well  as  the  full  report  of  the  Commission. 

In  its  final  report  to  the  Congress,  the  Com- 
mission recommended  the  creation  of  a Federal 
Procurement  Institute  that  would  be  respon- 
sible for  research  and  education  in  the  field  of 
Government  procurement  and  general  advance- 
ment of  the  art.  If  such  an  institute  were  estab- 
lished the  Commission’s  library  would  become 
part  of  it. 

The  arrangements  call  for  the  library  to  be 
run  by  GSA’s  Federal  Supply  Service.  The  ad- 
dress is: 

Commission  on  Government  Procurement 
Library 

Room  632 

Crystal  Mall  Building  #4 

Washington,  D.C.  20460 

The  Commission  on  Government  Procure- 
ment expired  by  law  on  April  30,  1973. 


ISA  Conference 

“Energy  Conservation  Through  Instrumen- 
tation” will  highlight  the  28th  Instrument 
Society  of  America  (ISA)  International  Con- 
ference and  Exhibit  to  be  conducted  October 
15-18  at  the  Astrohall,  Houston,  Tex. 

A comprehensive  review  of  the  latest  ad- 
vances in  instrumentation  is  scheduled  through 
technical  sessions  and  equipment  displays.  Spe- 
cial focus  will  be  on  instrument  markets  in 
pollution  control,  chemicals,  petroleum,  metals, 
gas  transmission  and  power. 

The  Second  Joint  Environmental  Instrumen- 
tation and  Control  Symposium  and  the  Seventh 
Data  Handling  and  Computation  Symposium 
will  be  held  concurrently  with  the  conference. 
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a few  words  about... 


Presidential  Certificates  Awarded 


Presidential  Management  Improvement  Certificates  were  pre- 
sented by  former  Secretary  of  Defense  Elliot  L.  Richardson  to  five 
Department  of  Defense  individuals  and  groups  during  a ceremony 


at  the  Pentagon  April  18. 

The  Certificates  are  awarded 
by  the  President  for  important 
and  noteworthy  accomplish- 
ments in  the  field  of  manage- 
ment improvement.  The  five 
individuals  and  groups  were 
chosen  by  the  President’s  Ad- 
visory Council  as  deserving 
special  recognition  in  receipt  of 
the  Presidential  Certificate  for 
their  accomplishments  during 
Fiscal  Year  1972.  They  are: 

• George  V.  Johnson,  U.S. 
Army  Troop  Support  Command, 
St.  Louis,  Mo.,  for  developing 
two  S-curve  models  which  ex- 
panded the  S-curve  concept  of 
cost  estimating  to  include  re- 
search and  development  costs 
and  their  relation  to  production 
costs. 


• Mrs.  Evelyn  E.  Schumacher, 
Naval  Weapons  Station,  Con- 
cord, Calif.,  for  developing  an 
imaginative  campaign  to  elimi- 
nate unnecessary  paperwork  at 
the  station. 

• Captain  Richard  C. 
O’Loughlin,  USN,  Naval  Air 
Station,  Jacksonville,  Fla.,  for 
accommodating  a 20-percent 
workload  increase  in  the  sta- 
tion’s supply  department  while 
making  a 10-percent  cut  in  per- 
sonnel for  a cost  benefit  esti- 
mated at  more  than  $450,000. 

• Office  of  Manpower  Utiliza- 
tion, Headquarters,  U.S.  Marine 
Corps  (Quantico,  Va.),  for  de- 
veloping a program  to  ensure 
placement  of  the  right  man  in 
the  right  job  which  will  save 


Former  Secretary  of  Defense  Elliot  Richardson  presents  the  Presidential  Man- 
agement Improvement  Certificate  to  George  V.  Johnson,  Department  of  the  Army, 
at  a Pentagon  ceremony.  Other  individual  recipients  were  Mrs.  Evelyn  Schu- 
macher and  Captain  Richard  C.  O’Loughlin,  USN,  of  Department  of  the  Navy. 


the  Marine  Corps  several  mil- 
lion dollars  over  the  next  few 
years.  (Colonel  George  Carida- 
kis  accepted  the  award  for  the 
office. ) 

• Air  Force  Satellite  Control 
Facility,  Sunnyvale,  Calif.,  for 
providing  support  of  52  DOD 
satellites  and  15  percent  more 
data  and  support  to  individual 
programs  while  considerably  re- 
ducing its  budget  and  man- 
power. (Colonel  John  J.  Schmitt 
Jr.  accepted  the  award  for  the 
facility.) 

A complete  listing  of  the 
Department  of  Defense  recipi- 
ents of  the  Presidential  Manage- 
ment Improvement  Certificates 
can  be  found  on  page  72  of  the 
April  1973  issue  of  the  Defense 
Management  Journal. 


DOD  Holds  Tech 
Data  Workshop 

A Department  of  Defense 
workshop  on  technical  data  man- 
agement was  held  at  the  Army 
Missile  Command,  Huntsville, 
Ala.,  March  27-30.  Representa- 
tives of  the  Military  Depart- 
ments, Defense  Agencies  and 
defense  industries  met  in  panels 
to  discuss  ideas  for  improving 
the  way  the  DOD  buys  and 
stores  technical  and  engineering 
data.  The  panels  covered  Data 
Acquisition  Management,  Data 
Requirements  Management,  Ad- 
ministration of  Contract  Data, 
Storage  and  Retrieval,  and  Ad- 
vanced Data  Concepts. 

The  industry  and  DOD  panels 
submitted  approximately  65  rec- 
ommendations for  evaluation  by 
the  Office  of  the  Assistant  Sec- 
retary of  Defense  (Installations 
and  Logistics)  and  the  Military 
Services. 
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AFSC  Cuts  Wind 
Tunnel  Costs 

A group  of  engineers  and 
technicians  at  the  Air  Force 
Systems  Command’s  Arnold 
Engineering  Development  Cen- 
ter, Arnold  AFS,  Tenn.,  has 
developed  a technique  for  sav- 
ing time  in  changing  conditions 
in  the  Center’s  transonic  wind 
tunnel.  By  combining  a process 
control  unit  with  a television- 
like remote  terminal,  the  Center 
has  been  able  to  save  two  of  the 
five  minutes  formerly  required 
to  change  test  conditions  in  the 
tunnel.  The  changes  can  now  be 
monitored  simultaneously  by  all 
of  the  operating  personnel  in- 
volved. The  equipment  used  in 
the  project  was  formerly  used 
for  control  functions  only  in  jet 
engines. 

Based  on  a $2,400  an  hour 
cost  to  operate  the  tunnel,  the 
Air  Force  will  save  approxi- 
mately $250,000  a year  by  using 
the  new  technique.  In  addition 
to  the  money  savings,  the  new 
system  is  more  accurate,  more 
precise  and  almost  totally  elimi- 
nates the  taking  of  off-condition 
data. 


Data  processor  (left)  coupled  with 
an  interactive  terminal  gives  operating 
personnel  immediate  and  simultaneous 
information  on  exact  conditions  in  the 
transonic  wind  tunnel. 


Docking  system  for  the  joint  United 
States-Soviet  Union  space  mission  is 
tested  at  Rockwell  International  Cor- 
poration’s Space  Division.  It  is  the  first 
full-scale  test  component  for  the  mid- 
1975  flight,  which  will  be  history’s  first 
international  space  mission. 


Air  Force  To  Get 
New  Video  Mapper 

Air  Force  has  developed  a new 
electronic  video  mapper  to  assist 
air  traffic  controllers  in  “seeing” 
where  an  aircraft  is  in  relation 
to  mountains,  tall  buildings 
and  major  landmarks  within  10 
to  200  miles  from  a runway. 

Developed  by  the  Air  Force 
Systems  Command’s  Electronic 
Systems  Division,  L.  G.  Hans- 
com  Field,  Mass.,  a total  of  160 
mappers  are  being  produced 
bearing  the  designation  “Video 
Mapping  Group  AN/GPA-131 
(V).” 

The  video  mapping  system 
combines,  in  a single  visual  dis- 
play, two  images — one  a high 
quality  terrain  and  obstacle 
map  and  the  other  the  normal 
radar  scope  image. 

The  Air  Force  will  receive  130 
units  and  the  FAA  will  receive 
30  units.  Delivery  should  be  com- 
pleted by  August  1973. 


PROMPT  Brochure 

The  NAVAIR  PROMPT 
(Project  Reporting,  Organiza- 
tion, Management  Planning 
Techniques)  Management  Sys- 
tem brochure  has  been  published 
by  the  Naval  Air  Systems  Com- 
mand to  assist  in  implementing 
general  management  require- 
ments for  project  management 
specified  in  Aeronautics  Re- 
quirement Document,  AR-59. 

The  brochure  gives  a brief 
historical  review  of  PROMPT’S 
development  and  presents  sim- 
ply the  approach  on  the  selection 
of  those  management  require- 
ments most  closely  satisfying 
the  needs  for  project  manage- 
ment. In  addition,  it  documents 
the  steps  to  be  followed  in  the 
application  of  PROMPT. 

The  brochure  is  available 
from  the  Department  of  Navy, 
Naval  Air  Systems  Command, 
AIR-103,  Washington,  D.C. 
20360. 


Navy  R&D  Center 
Saves  $7  Million 

The  Naval  Ship  Research  and 
Development  Center,  Bethesda, 
Md.,  through  its  Cost  Reduction 
Program,  achieved  over  $7  mil- 
lion in  cost  reductions  during 
Fiscal  Year  1972. 

The  most  significant  saving 
was  in  the  Computation  and 
Mathematics  Department  where 
$4,380,000  was  saved  by  the  use 
of  a computer  aided  ship  design 
program  which  eliminated  the 
need  for  manual  computations. 
The  Ship  Performance  Depart- 
ment realized  a saving  of  $1,- 
040,000  by  eliminating  box  keels 
on  the  patrol  gunboat  class,  a 
change  that  also  improved  per- 
formance. 
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Secretary  of  Defense 


James  R.  Schlesinger,  former  Director  of 
the  Central  Intelligence  Agency,  succeeded 
Elliot  L.  Richardson  as  Secretary  of  Defense. 
Mr,  Richardson  has  assumed  duties  as  the 
Attorney  General  of  the  United  States, 
Since  1969  Mr.  Schlesinger  has  served  as 
Assistant  Director  of  the  Bureau  of  the  Bud- 
get, Acting  Director  of  the  Office  of  Manage- 
ment and  Budget  and  Chairman  of  the 
Atomic  Energy  Commission. 

Prior  to  1969  he  was  the  Director  of  Stra- 
tegic Studies  at  the  Rand  Corporation  where 
he  specialized  in  strategic  analysis  with  spe- 
cial references  to  nuclear  weaponry. 

Mr.  Schlesinger  holds  B.A.,  M.A.  and 
Ph.D.  degrees  from  Harvard  University. 
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